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ir  ntcFACE  to  the  fourth  editioiv. 

If  the  same  concfaologists  were  interrogated  respecting  the  power 
which  the  ancieDt  inhabitant  of  the  shell  might  possess  of  chaneing 
its  structure  when  placed  in  different  circumstances,  they  woula  be 
compelled  to  confess  their  ig^norance.  A  knowledge  of  fossil  shells 
is  highly  useful  to  the  geologist  in  cases  where  the  superposition  of 
strata  cannot  be  ascertained ;  but  fossil  shells  alone,  give  us  less  pos- 
itive bformation  respecting  the  ancient  condition  of  the  globe,  than 
the  organic  remains  of  other  classes  of  animals,  or  of  vegetables ; 
because,  for  any  thing  we  know  to  the  contrary,  all  the  species  of 
molluscous  animals  that  inhabited  these  shells,  may  have  been  capa* 
He  of  living  in  the  same  medium,  and  under  the  same  conditioos. 
But  different  species  of  vertebrated  animals,  and  plants,  must  have 
existed  under  very  different  conditions,  on  land  or  in  water.  M« 
Bou6,  an  enlightened  and  itidefatigable  continental  geologist,  to  whose 
hbours  the  science  is  greatly  indebted,  is  meritoriously  endeavour- 
ing to  resist  the. absurd  attempt,  to  force  Fossil  Conchology  into  the 
chair  of  Geology.  I  trust  his  example  will  be  followed  by  English 
geologists.  Indeed,  I  am  convinced  that  many  of  the  frivolous  dis- 
tinctions introduced  by  conchologists  will  soon  pass  away,  as  those  of 
mineralogy  have  already  passed  ;*  and  that  these  two  branches  of 
natural  history,  will  take  their  proper  stations  as  auxilliaries  subser- 
vient to  geology. 

It  will  be  seen,  by  the  tides  to  the  new  chapters  in  the  present 
volume,  that  they  comprise  various  subjects  connected  with  impor- 
tant enquires  relating  to  the  Theory  of  the  Earth.  The  opinions  of 
the  author  have  not  been  rashly  advanced,  to  oppose  or  maintain  the 
systems  of  other  geologists :  they  are  the  result  of  long-continued  re- 
flection, on  what  appeared  to  him  the  most  probable  explanations  of 
geological  phenomena.  The  author  says  probable,  because  he  con- 
siders that  the  words  truth  and  certainty  cannot  yet  be  introduced 
with  advantage  into  geological  theories. 

The  author  requests  the  experienced  geologist,  who  may  honour 
this  volume  with  the  perusal,  to  refer  to  Chap.  XXII.,  in  which  he 
will  find  that  the  doctrine  of  the  elevation  of  mountain  ranges,  at  dif- 
ferent epochs,  was  distincdy  announced,  and  was  published  by  him 
IB  the  year  1823,  supported  by  the  same  principles,  as  those  recent- 
ly advanced  by  M.  £Ke  de  Beaumont.  He  has  farther  proved,  that 
the  elevation  of  large  islands,  and  continents,  was  long  posterior  to 
the  elevation  of  mountain  ranges. 
■-  -  "    *      ■     —    ...  ■■   ■     ..-.■■  -   —  ,      , 

•  See  the  end  of  the  Preface  to  the  first  edition.  Some  of  the  distinctions  ill 
Mineralogy,  on  which  most  important  conclusions  have  been  fonnded  respect- 
ing the  formations  of  rocks,  are  now  known  to  be  erroneous :  magnesian  minerals 
were  all  stated  to  be  of  aqueous  origin.  Pyroxene  (Aag[ite)  was  considered  as  an 
unerring  criterion  of  igneous  products,  and  to  be  an  entirely  distinct  species  from 
Amphibole  rHomblende):  they  are  now  proved  to  be  identical  minerals,  convert- 
ible into  each  other,  according  to  the  degree  of  temperature  under  which  they  are 
crysiallized.  Observations  on  the  true  value  of  Fossil  Concholo&r  will  be  found 
in  Chapter  XVII. 
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FBBTACS  TO  THB  FOUftTH   EDITION.  V 

The  Third  Edition  of  this  work  was  re-pubh'shed  in  America,  in 
1829,  by  Professor  Silliman  of  Yale  College,  CoDoecticut,  the  dis- 
liqguisbed  Editor  of  the  American  Journal  of  Scienee*  It  was  com- 
neoced  without  any  previous  commuDicatioQ  or  acquaiotauce  with 
die  author.  The  reasons  for  the  re-publication  were  stated  in  the 
Professor's  preface,  an  extract  from  which  is  subjomed.  The  author 
will  be  satisfied  if  the  present  work  should  be  thought  deserving  of 
the  commendauon  given  by  the  American  editor,  of  being  <'  a  com- 
prehensive Treatise  on  Geology,  which  the  student  will  be  willmg  to 
read,  and  able  to  understand." 

Btmuiead,  near  Londom, 
AfrU  18,  1833. 


Part  of  Professor  SillimanU  Preface  of  the  American  re^print  of 

the  Third  Edition. 

The  Editor  believes  that  he  is  performing  a  service  to  bis  country, 
by  encouraging  the  re-publication  of  a  work  conspicuous  for  attract- 
iveness, — ^for  perspicuity,— for  a  style  generally  vigorous  and  cor- 
rectj-'-often  eloquent  and  beautiful ;  and  Tor  an  independence  of  spi- 
rit,  which  carries  the  Author  straight  forward  to  his  object,  certainly 
without  any  servile  regard  to  previous  systems.  While  bestowing 
this  merited  commendation,  we  do  not  mean  to  say  that  we  fully 
adopt  all  the  Author's  theoretical  views,  although  most  of  them  ap- 
pear to  be  philosophical  and  just,  and  some  of  them  are  peculiarly 
happy. 

Speaking  in  the  character  of  a  public  instructor  of  youth,  I  beg 
leave  to  add,  that  my  Immediate  motive  for  recommending  the  re- 
publication was,  that  I  might  place  in  the  hands  of  my  own  classes, 
a  comprehensive  treatise  on  geology,  which  they  would  be  wilHog  to 
read  and  able  ta  understand. 


Cadtiom.— In  1829,  a  book  was  published  in  duodecimo,  entitled  "  An  Introduc- 
tkm  to  the  study  of  Mineralogy,  by  J.  R.  Bakewell."  Several  friends  of  the  An- 
tiwr  of  the  present  volume  have  informed  him^  that  they  were  induced,  by  the 
■ame,  to  purchase  the  book ;  he  therefore  thinks  it  necessary  to  state,  that  he  has 
BO  eoonection  with  the  trriter  of  that  book,  and  he  has  reason  to  believe  that  the 
^^Bke  was  assumed  to  mislead  the  public. 


PREFACE  TO  THE  THIRD  EDITIOIT. 


Thb  First  and  Second  Editions  of  the  Introduction  to  Geology 
were  favourably  received,  and  sold  off,  soon  after  their  publication. 
The  work  has  since  been  translated  and  published  in  Germany,  by 
Mr.  Frederick  Muller  of  Friburg ;  but  it  has  been  long  out  of  print 
in  this  country.  The  causes  which  have  retarded  the  publication  of 
a  Third  Editiop  it  is  unnecessary  to  naention :  the  delay  has,  I  trust, 
been  favourable  to  its  appearance  in  a  very  improved  state ;  as  I  have 
been  collecting  materials  for  it,  during  several  years,  having  visited 
almost  every  situation  of  much  geological  interest  in  our  own  island, 
from  the  Land's  End  in  Cornwall,  to  the  Grampian  Mountains  in 
Scodand ;  and  passed  part  of  three  years  in  examining  the  geology 
of  Savoy,  Switzerland,  and  France.  There  js  scarcely  a  rock  for- 
mation described  in  the  present  volume,  that  I  have  not  examined  in 
its  native  situation,  and  compared  with  the  descriptions  of  former 
Ideologists.  I  have  also  had  opportunities  of  exambing  the  collec- 
tions, and  of  proQting  by  the  communications,  of  some  of  the  most 
eminent  geologists  on  the  Continent. 

While  engaged  in  these  pursuits,  I  have  not  been  inattentive  to  the 
labours  of  other  observers.  So  numerous  and  interesting  are  the  dis- 
coveries made  in  geology  during  the  last  ten  years,  that  in  order  to 
present  a  concise  view  of  the  science  in  its  present  advanced  state, 
the  Introduction  to  Geology  has  been  recomposed,  knd  all  the  Chap- 
ters are  greatly  enlarged. 

The  following  new  Chapters  have  been  added  .^-Chap.  11.  On 
Fossil  Organic  Remains.  Chap.  IV.  On  the  Principles  of  Stratifi- 
cation. Chap.  X.  A  Retrospective  View  of  Geological  Facts. 
Chap.  XyUI.  On  the  Destruction  of  Mountains;  and  on  the  Bones 
of  Land  (Quadrupeds,  found  in  Diluvial  Depositions  and  in  Caverns. 
Ch^p.  XIX.  On  the  Formation  of  Valleys;  and  on  Deluges  and 
Denudations. — ^The  Plates  are  new,  except  Plate  FV.  and  part  of 
Plate  VII. 

The  Outline  Map  of  the  Geology  of  England  and  Wales,  was  I 
believe,  when  published  in  the  First  Edition  of  1813,  the  only  geo- 
logical map  of  England  that  had  then  appeared.  It  pt:esents  in*  one 
view  the  grand  geological  divisions  of  the  country,  without  delinea- 
ting the  different  strata  in  each  division. '  Mr.  William  Smith  has 
since  published  a  map  of  the  Geology  of  England,  which  possesses 
extraordinary  merit, — ^when  it  is  coi^sldered  as  the  unaided  attempt 
of  one  person,  to  trace  the  course  of  each  rock  formation  through 
England  and  Wales.  Mr.  Greenoqgb,  and  other  members  of  the 
Geological  Society  of  Loudon,  have  subsequently  published  a  geo- 
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logical  map  of  England  and  Wales.  This  map,  from  the  great  va- 
riety of  its  useful  details,  and  its  general  correctness,  may  be  re- 
garded as  the  best  approximation  to  a  complete  exhibition  of  the 
geology  of  an  extensive  country,  that  has  yet  appeared.  It  was 
thought,  however,  that  the  publication  of  my  Map  in  its  original 
form,  (or  nearly  so,)  would  be  acceptable  to  those  who  wished  to 
gain  a  general  knowledge  of  the  geology  of  their  own  country,  with- 
out entering  into  geological  details ;  and  that  it  would  also  serve  as 
a  useful  introduction  to  the  study  of  the  above  mentioned  maps. 

In  the  course  of  the  present  work,  I  have  frequently  attempted  to 
elucidate  the  geology  of  England,'  by  comparisons  with  situations  I 
have  examined  on  the  Continent,  in  order  to  connect  the  geo]o0  of 
our  own  island,  with  that  of  France,  Switzerland,  and  Savoy. 

By  comprising  the  numerous  facts  and  observations  contained  In 
the  present  volume,  withm  the  limits  of  an  elementary  work,  from 
the  desire  to  be  concise,  I  may  have  run  the  risk  of  becoming  ob- 
scure :  this  I  have  studiously  endeavored  to  avoid ;  my  chief  aim 
being  to  present  the  reader  with  a  system  of  Geology,  which  shall 
describe  and  explain  geological  phenomena  in  a  clear  and  intelligible 
manqer,  and  as  free  from  technical  obscurity  as  the  natute  of  the 
subject  would  admit.  In  order  that  the  price  may  not  exceed  that 
of  the  last  Edition,  this  work  is  printed  in  a  smaller  type.  For  any 
errors  into  which  I  may  hate  inadvertently  fallen,  I  would  claim  the 
candid  indulgence  of  the  reader,  in  the  last  words  of  that  distin- 
guished geologist,  Horace  Benedict  de  Saussure,  ^\0n  pent  iire 
uiikj  sans  atieindre  d  la  perfection.^* 


PREFACES  TO  THE  FIRST  AND  SECOND  EDITIONS, 

ABRIDGED. 


In  tracing  the  progress  of  knowledge,  we  may  frequently  obsenre 
that  the  cultivation  of  particular  branches  of  science,  at  certain  peri- 
ods, was  determined  by  causes  which  bad  little  connection  with  their 
intrinsic '  utility.  FashioUi  caprice,  and  the  authority  of  eminent 
names,  govern  mankind  in  philosophy,  as  well  as  on  all  other  sub* 
jects.  But,  independently  of  accidental  causes,  there  are  leading  ob- 
jects in  the  universe,  which,  as  nations  advance  ii^  civilization,  seem 
naturally  to  direct  their  attention  to  certain  scienqes  in  succession. 
The  brilliancy  of  the  sun,  moon,  and  planets,  their  various  moticms^ 
and  connection  with  the  changing  seasons,  would  first  arrest  the  at- 
tention of  the  rude  philosopher ;  nor  need  we  wonder  that  he  soon 
began  to  regard  them  as  endowed  with  life  and  intelligence,  and  attri- 
buted to  diem  a  mysterious  power  over  human  affairs :.  thus  the  heav- 
enly orbs  became  the  objects  of  religious  adoration ;  and  curiosity^ 
hope,  and  fear,  lent  their, aid  to' the  early  cultivation  of  astronomy. 

Mathematics  and  mechanical  philosophy  are  so  intimately  connect- 
ed wkh  astronomy  and  the  most  useful  arts,  that  they  naturally  claim- 
ed the  second  place  among  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a  knowledge  of  the 
physical  qualities  of  matter,  or  such  as  are  perceptible  by  the-  sei^ 
ses,  follow  next ;  and  at  a  later  periods  chemical  philosppby,  or  thajt 
science  which  endeavours  to  ascertain  the  elementary  substances^  of 
which  all  itiaterial  objects  are  composed.  In  the  order  of  succes- 
sion, mineralogy  and  geology  are  the  last  of  the  natural  sciences ; 
for  though  on  acquaintance  with  the  earth  i^  more  important  to  man, 
than  a  knowledge  of  the  distant  parts  of  the  universe,  yet,  previous- 
ly to  the  cultivation  of  the  other  sciences,  and  of  chemistry  m  partic- 
ular, our  knowledge^  of  the  mineral  kingdom  could  not  extend  much 
beyond  that  of  the  radest  periods.  Thus  we  find,  that  notwithstand- 
ing the  precious  metals,  and  many  of  the  mineral  treasures  which  the 
earth  contains,  have  been  the  objects  of  insatiable  cupidity  m  every 
age,  yet,  till  the  present  day,  almost  all  that  was  known  of  mineralo- 
gy was  confined  to  uneducated  working  miners. 

In  looking  over  the  pages  of  history  we  may  observe,  that  the  most 
polished  nations  of  antiquity  had  scarcely  advanced  beyond  a  limit- 
ed acquaintance  with  astronomy,  geometry,  and  mechanical  philoso- 
phy. In  modem  Europe,  all  the  natural  sciences,  geolo^  and  min- 
eralogy excepted,  have  been  successfully  cultivated,  and  their  pro- 
gress has  been  astonishingly  rapid ;  but  till  about  the  middle  of  the 
last  century,  the  structure  of  the  earth  had  scarcely  engaged  the  at- 
tention of  philosophers.  Near  that  time,  Lehman,  the  German,  first 
observed  that  there  are  certain  rocks  which  occupy  the  lowest  rela- 
tive situation  in  difiSsrent  countries,  and  that  these  rocks  contain  no 
organic  remains :  hence  he  gave  them  the  name  of  primary,  and  es- 
tablished a  division  between  them  and  the  rocks  by  which  they  are 
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covered,  in  which  the  remains  of  animals  or  vegetables  frequendy 
occur :  the  latter  he  called  secondary.  In  our  own  country,  the 
Reverend  J.  Michell  was  the  &rst  person  who  appears  to  have  bad 
any  clear  views  respecting  the  structure  of  the  external  parts  of  the 
earth :  they  were  made  public  in  a  valuable  paper  on  the  cause  of 
earthquakes,  in  the  Philosopical  Transactions,  1759.  About  twen* 
ty  years  afterwards,  Mr.  John  Whitehurst  published  his  "  Inquiry  in- 
to the  original  State  and  Formation  of  the  Earth."  His  observa- 
tions were  principally  confined  to  the  rocks  and  strata  of  Derbyshire. 
Independently  ofits  speculative  opinions,  this  work  was  highly  valu* 
able  as  an  attempt  to  describe  the  geology  of  a  district,  from  actual 
examination.  The  great  variety  of  original  information  it  contained, 
and  its  general  accuracy,  will  remain  a  lasting  monument  of  the  wri- 
ter's industry  and  ability.  Mr.  Whitehurst,  however,  fell  into  the 
same  error  with  the  celebrated  Werner  in  Saxony,  an  error  to  which 
the  first  cultivators  of  geology  were  particularly  exposed,«*-that  of 
drawing  general  conclusions  from  local  observations,  and  forming  uni- 
versal theories  from  a  limited  number  of  facts. 

Though  Mr.  Whitehurst's  book  was  favourably  received,  yet  till 
the  beginning  of  the  present  century  geological  pursuits  made  little 
progress  in  England.     On  the  continent,  the  researches  of  Saussure^ 
Pallas,  Werner,  St.  Fond,  Dolomieu,  and  others,  had  before  this 
time  produced  a  powerful  interest,  and  brought  into  the  field  many 
active  and  enlighted  enquirers.     The  first  general  impulse  given  to 
the  public  taste,  for  geological  investigations  in  this  country,  was  pro- 
duced by  Professor  Playfair's  luminous  and  eloquent  illustrations  of 
the  Huttonian  theory.     The  leading  feature  of  this  theory,  that  all 
rocks  or  strata  have  been  either  formed  or  consolidated  by  central 
subterranean  fire,  was  very  warmly  opposed ;  and  much  personal 
animosity  and  many  adventitious  circumstances  were  associated  with 
the  contest,  not  highly  lionourable  to  pbibsophy,  but  well  calculated 
to  keep  aKve  the  attention  of  the  disputants  to  those  appearances  in 
nature  which  favoured  or  opposed  their  diflTerent  theories. 

He  who  attempts  to  make  a  scientific  subject  femiliar,  runs  the 
risk,  in  this  country,  of  being  deemed  superncial ;  a  plentiful  share 
of  dullness,  combined  with  a  certain  degree  of  technical  precision, 
are  regarded  as  essential  proofs  of  profundity.  By  prescriptive 
right,  long  established  in  these  realms,  dullness  and  pedantry  guard 
the  portals  of  the  temple  of  Science,  and  command  those  who  enter, 
to  avert  their  eyes  from  whatever  can  elevate  the  imagination,  or 
warm  the  heart,  and  to  look  at  nature  through  a  sheet  of  ice.  In 
compliance  with  their  authority,  writers  of  introductory  treatises  have 
generally  thought  it  necessary  to  avoid  that  felicity  in  the  familiar 
illustration  of  scientific  subjects,  so  conspicuous  in  some  elementary 
works  of  our  neighbours.  Without  venturing  to  depart  too  far  from 
established  usage,  I  have  endeavoured  to  render  geology  more  in- 
telligible, by  avoiding  as  much  as  possible  theoredcal  and  technical 
language,  and  by  introducing  a  simple  arrangement,  and  suited  to 
the  present  state  of  our  knowledge.    The  local  illuslratioDs  from 
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various  psrts  of  our  island,  with  the  drawings,  sections,  snd  tmp  in 
the  present  volume,  will,  I  trust,  facilitate  the  study  of  geology^  nod 
prove  particularly  acceptable  to  those  who  are  entering  on  these  en* 
qunries :  at  the  same  time,  I  flatter  myself  with  the  hope,  that  the  origin- 
al information  this  work  contains,  respecting  the  geology  and  natural 
history  of  England,  will  secure  it  a  candid  reception. — Edit,  of  lSiS» 

Several  have  been  deterred  from  the  study  of  geology  by  the  sup- 
posed difficulty  of  learning  its  attendant  science,  mineralogy ;  but 
an  acquaintance  with  the  nice  distinctions  made  by  many  modern 
mineralogists,  is  not  necessary  to  gain  a  knowledge  of  the  structure 
and  arrangement  of  the  great  masses  of  matter  that  environ  the 
globe,  nor  of  the  substances  of  which  they  are  composed.  He  who 
would  gain  a  useful  knowledge  of  geology,  would  do  well  to  provide 
himself  with  specimens  of  common  rocks,  and  the  simple  minerals 
of  which  they  are  composed,  and  examine  their  external  characters 
and  physical  properties,  comparing  them  with  the  descriptions  given 
by  the  best  mineralogical  writers.  Fortunately  these  substances  are 
not  very  numerous,  and  he  may  (without  present  inconvenience)  omit 
the  more  rare  crystallizations  and  varieties,  so  much  valued  by  cab* 
inet  philosophers ;  for  here,  as  in  many  other  instances,  the  received 
value  is  in  an  inverse  ratio  of  the  utility.  The  pedantic  nomencla- 
ture, and  frivolous  distinctions  recently  introduced  into  mineralogy, 
may  gratify  vanity  with  a  parade  of  knowledge ;  but  they  are  uncon- 
nected with  objects  of  real  utility,  or  with  any  enlarged  views  of  nature. 

On  hearing  the  various  names  which  mineralogists  give  to  the  same 
substance,  and  observing  the  avidity  with  which  each  new  name  is  seiz- 
ed, as  if  it  conveyed  a  hidden  charm,  the  uninitiated  might  suppose  that 
be  was  "journeying  in  the  land  of  Shinar,"  and  had  fallen  in  compa- 
ny with  a  set  of  masons  fresh  from  the  tower  of  Babel,  each  one  call- 
ing the  same  stone  by  a  different  name,  and  glorying  in  his  absurdity. 
Such  frivolities  disgust  men  of  sense  with  the  study  of  an  important 
and  interesting  science  ;  a  science  that  has  for  its  immediate  object 
the  structure  of  the  planet  which  the  Author  of  nature  has  destined 
fer  our  abode,  and  an  acquaintance  with  the  situation  of  its  various 
mineral  productions,  subservient  to  the  wants  or  enjoyments  of  man 
in  civilized  society. 

The  advice  of  Cicero  to  the  cultivators  of  moral  science,  applies . 
with  peculiar  force  to  the  geologists  and  mineralogists  of  the  present 
day.  "  In  these  natural  and  laudable  pursuits,  two  errors  are  par- 
ticularly to  be  avoided  :  the  first  not  to  confound  those  things  of  which 
we  are  ignorant  with  those  we  know,  or  rashly  to  yield  our  assent 
without  due  investigation ;  the  second,  not  to  bestow  too  much  labour 
and  study  on  obscure,  intricate,  and  unprofitable  subjects." — *^  In 
hoc  genere  et  natural!  et  honesto  duo  vitia  vitanda  sunt :  unum,  ne 
incognita  pro  cognitis  habeamus,  bisque  temere  assentiamur  (quod 
vitium  effugere  qui  volet,  adhibebit  ad  considerandas  res  et  tempus 
et  diligentiam.)  Alterum  est  vitium,  quod  quidam  nimis  magnum 
studiura  multaraque  operam  in  res  obscuras  atque  difficiles  conferunt, 
easdemque  non  necessarias." — Cic.  Offic.  i.  6. 
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DESCRIPTION  OF  THE  PLATES. 


Ths  Froictibpibcb  Ib  a  bird*8-eye  yrieW  of  Cba  ftfr  that  desc8i»d8  from  the 
Falb  of  Niunra  to  irbore  U  itraes  firom  the  channel  which  it  haa  escayated,  hiMr 
the  pliin  at  Qaeena  Town.  The  diitant  country  extending  to  Lake  Erie  ia  intro- 
doeed,  to  reprea^nt  the  phyaieal  etradtoro  of  the  country.    See  pp.  216,  SIT. 

Plats  I. 
Flp.  1»  1,  S»  4»  6,  (!•  Ulaeirationi  of  phne  and  curved  itratlfication«  (See  Chap.  IV.) 

Platb  II. 

Fig.  1.  Overhpping  etrata  with  straight  edgef . 

fig.  $.  Overh^ping  strata  with  eunred  edges. 

f%.  3.  flbnetaie  of  a  part  of  the  Alps,  repreaenting  the  heda,  neiriy  Torlleal,  dMit 
approach  the  central  range,  and  the  bended  strati6eatioD  of  the  outer 
ranges.  The  dotted  lines  represent  the  supposed  extension  of  the  beds 
at  the  period  of  their  elevation ;  d  d,  granite  and  mlea-alate ;  e  c,  bodsef 
soft  slate ;  ka^baot  beda  of  seooncury  limestone,  saods^sne,  and  eoo- 
glomerate ;  ar  y  a  represent  the  arched  stratification  of  the  outer  rangea. 

Rg.  4.  A  section  representing  the  arrangement  of  the  rocks  and  strata  at  Chamweod 
Forest,  in  Leicestershire,  from  the  manor  of  Whitwick,  to  near  Barrow- 
on-8oar.  In  tide  section  the  proportions  of  distanee  are  disregarded,  in 
order  to  bring  tlie  difierent  rock  formations  within  the  space  of  the  plate. 
«  a  a,  stratlied  red  sandstone ;  k  b,  rocks  of  gradite,  sienlte,  and  por- 
phyry;  c  e,  slate-rocks  of  SwiUiland  quarry,  the  beds  much  elavatod ; 
d  d,  coal  strata,  rising  towards  the  granitic  and  slate-rocks ;  <,  lias,  cov- 
ering the  red  marl  at  Barrow :  the  elevated  strata  out  of  (he  Une  of  sec- 
tion on  the  left  hand  side  of  the  plate,  represent  limestone  rocks  of  Clouds 
HiJl  and  Bredon.  It  is  obvious  from  this  arrangement,  that  the  strata  of 
asndstone  aaa  were  deposited  upon  the  slate-rocks  and  granite,  after  the 
beds  had  been 'raised  into  their  present  position:  whereas  in  fie.  2.  the 
bsds  a  a  have  evidently  been  deposited  before  the  beds  of  gramte  in  the 
Alpa  were  elevated ;  and  as  these  beds  aa,bab,  are  of  more  recent  far- 
mackm  than  the  sandstone  a  a  in  fig.  4.,  their  position  proves  decidedly, 
that  the  beds  of  granite  in  the  Alps  were  elevated  after  the  beds  of  granite 
and  slate  in  Leicestershire.    (See  pp.  885, 886.) 

Fig.  8.  A  granite  vein  in  slate. 

Fig.  6.  Tl^  remsining  portkm  of  a  thick  bed  of  limestone,  (brming  an  isolated  mass 
d  on  a  mountain  in  Savoy,  aa,  the  former  extent  of  the  bed ;  e  e,  a  bed 
of  soft  sandstone. 

Flats  III. 

Ilg.  1.  The  confbrmshle  position  of  rocks,  a,  sranite;  ft,  gneiss;  e,  mica-ahite; 
d  dj  slate ;  x  «,  a  subordinate  bed  of  limeeione  in  nate ;  S,  a  bed  at  oon- 
gfemerate ;  e  e,  transition  limestone  and  greywacke ;  w  f,  coal  strata. 

Fig.  2.  A,  nnoonfermable  massive  rocks ;  a  thick  bed  of  porphyry  or  basalt  c  c,  cov- 
ertne  the  transition  rocks  1,  2, 8,  and  dykes  of  porphyry  or  basalt  inter- 
secting transidon  rocks.— N.  B.  Tlie  porphyry  at  Christiaida,  In  Norway, 
occurs  in  diis  position;  the  lower  part  of  it  is  amygdaloldal  basalt;  the 
middle  part  is  porphyritic,  which  passes  in  the  upper  to  beautiful  sienlte 
and  commoA  granite.  (See  page  181.)  The  rocka  b,  on  the  right  rep- 
resent the  three  modes  of  basalt;  a  columnar  bed  d,  with  a  vertical  dyxe 
ft  basalt,  and  beds  of  interposed  basalt ;  Ms  an  isolated  cap  of  eokunnar 
basalt 

Fig.  8.  Unoonlonnable  strata  of  Sandstone,  covering  coal  strata  on  tlio  skde  of  thf 
dip  B,  and  on  the  side  of  the  rise  v.    (See  pace  122.) 

Fig.  4.  A  secdon  of  the  strata  near  Dudley,  Staflbrdshire.  a.  Wren's  Nest  Hill ; 
the  two  beds  of  limestone  are  folded  round  the  hill,  as  represented  In  the 
snttll  compartment  b,  which  is  an  horizontal  section  of  the  two  beds  of 
lunestone  a,  5;  the  thirty  foot  bed  of  Staflbrdshire  coal  c  la  aeon  cropping 
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out  Dear  <he  foot  of  Wren's  Nest  Hill ;  b,  the  arrangement  of  the  lime- 
stone strata  at  Dudley  Castle  Hill ;  d,  a  hill  capped  with  basalt  In  thb 
section  the  proportion  of  distance  has  been  disregarded,  for  the  same  reason 
as  in  Plate  H.  fig.  4. 

Plate  IV. 

Fig.  1.  Arrangement  of  the  strata  from  Sheffield,  in  Yorkshire,  to  Castleton,  in 

Derbyshire.    (See  page  60.) 
Fig.  2.  Coal  strata,  arranged  in  iMstn-shaped  concavitieiB,  and  intersected  by  a  fault, 

(See  page  105.) 
Fig.  8.  Coal  strata  thrown  up  by  a  broad  dyke.    (See  Chap.  VIII.) 
Fig.  4,  Metallic  veins,  a  a,  a  vein  divided  by  the  vein  bbf  £  c,  a  pipe  vein. 
Fig.  5.  Metallic  veins  in  limestone,  cut  through  by  toadstone* 

pL^TB  V. 

The  gigantic  Trilobite,  and  two  smaller  species. 

Pjlatb  VI. 
Map  of  the  gedogy  of  England  and  Wales,  and  a  section  of  the  Vale  of  Thames. 

Plate  VII. 

A  eectloo  of  England  through  Durham  and  Cumberland ;  a  group  of  columnar 
trap  rocks,  Cader  Idris ;  sections  of  ground  plans  of  metallie  veins,  3tc. 

Plate  VHI. 

Jiving  illustrations  of  fossil  conchology : — 
Fig.    1.  Cuttle-fish,  or  Sepia. 
S.  Beak  of  a  Sepia. 
8.  The  Nautilus  Pompilhis  and  its  shell. 

4.  AScaphite. 

5.  A  Hamite. 

6.  Comu  Ammonia,  or  aminonlte. 

7.  Indented  partitioiis  of  an  ammonite. 

8.  Baculite. 

9.  Belemnite. 

10.  TurriUttt. 

11.  Spirula. 

12.  Orthoceratite. 
18.  Nummullte. 

14.  Hippurite. 

15.  The  animal  and  shell  of  a  Buccinum. 

16.  Animal  and  shell  of  a  Bucardium. 

17.  A  living  PenUcrinus. 

Id.  The  mouth  and  excretory  oi^gan  of  the  Pentacrinus* 
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PRELIMINARY  OBSERVATIONS 

OK  THB  OBJECTS   CONTAINED   IN  PLATE   VIIU,   ENTITLED  "LIVING   ILLU8TRATI0KI 

OP   FOSSIL  CONCHOLOGY,"  ETC. 

Man,  when  be  becomes  Uie  hifltorian  of  the  animal  kingdom*  g^n^ 
«rtlly  considers  his  own  structnre  as  a  type  of  the  most  perfect  organ- 
ization ;  and  regards  those  animals  that  depart  the  most  from  this 
tjrpcv  and  have  the  smallest  number  of  organs  and  senses,  as  the  least 
perfecL  Strictly  speaking,  every  animal  is  perfect,  that  is,  so  organ* 
ized  as  to  answer  the  purposes  for  which  it  was  created :  yet  with  re« 
fereace  to  ourselves,  we  may,  without  much  impropriety  of  language, 
call  those  animals  which  have  the  smallest  number  of  organs  and  sen- 
ses, the  most  imperfect.  The  very  earliest  inhabitants  of  the  ancient 
world  appear  chiefly  to  have  belonged  to  those  orders  of  imperfect 
animals,  that  had  little  power  of  locomotion,  and  few  organs  of  sense : 
many  of  them  were  without  heads  or  eyes,  and  were,  like  the  oyster, 
confined  in  shells,  which  they  could  merely  open  and  close.  Of  these 
there  were  such  immense  multitudes,  that  calcareous  mountains  of 
vast  magmtude  and  extent,  are  sometimes  chiefly  composed  of  their 
remains. 

From  what  we  see  of  the  present  animal  creation,  we  have  reason 
to  believe,  that  creatures  of  every  species,  when  free,  and  provided 
wkh  the  aliment  they  require,  derive  pleasure  from  the  very  action 
of  their  organs,  and  from  existence  itself.  Of  the  kind  or  extent  of 
the  happiness  enjoyed  by  a  creature  enveloped  in  darkness,  and  with- 
out head,  heart,  or  eyes,  or  the  power  of  removing  its  habitation,  we 
cao,  however,  form  no  idea ;  yet  for  any  thing  we  know  to  the  contra* 
ry,  the  inhabitant  of  a  bivalve  shell,  may  be  far  happier,  than  the  monk 
inunared  in  his  stony  cell,  or  than  other  individuals  of  the  highest  or* 
der — ^Man — ^who,  however  t>erfect  their  physical  organization,  make 
hot  little  nae  of  the  intellectual  and  moral  organs,  figuratively  called 
the  head  and  the  heart 

Dr.  Paley,  in  hu  **  Natural  Theology,'*  has  some  beautiful  reflec- 
tions on  the  apparent  happiness  enjoyed  by  shoals  of  young  shrimps, 
that  were  bounding  into  the  air  from  the  shallow  margin  of  the  water, 
or  from  wet  sand.  He  observes :  "  If  any  motion  of  a  mute  animal 
could  exprese  delight,  it  was  this."  We  cannot  take  cognizance  of 
the  actions  of  creatures  enclosed  in  bivalve  shells ;  but  a  distinguished 
philosopher  was  so  fully  convinced  of  the  happiness  enjoyed  by  testa- 
ceous animals,  that  he  calls  calcareous  mountains,  filled  with  their  re- 
mains, **  monuments  of  the  felicity  of  past  ages." 

It  is  with  a  view  to  excite  the  curiosity  of  the  geological  ptudent, 
and  to  direct  his  attention  to  something  beside  the  external  form  of 
shells,  that  I  ofier  the  following  observaittons,  and  not  with  the  design 
to  teach  fossil  conchology,  which  the  limits  of  the  present  volume 
would  not  admit  of. 

The  reader  who  is  entirely  unacquainted  with  conchology  inay 
form  some  general  idea  of  a  shell,  if  he  be  told  that  it  is  univalve,  like 
a  snail  or  a  perriwinkle;  or  bivalve,  iike  the  muscle  or  cockle. 

There  are,  however,  numerous  fossil  bodies  classed  with  shells,  of 
winch  the  general  reader  can  form  no  notion  whatever  from  the 
nmes; — snch  are  the  orthoceratite,  the  scaphite,  dtc.    These  are 


XX  PRELIMINABT  0B8XRVATI0NS. 

called  chambered  shells,  from  their  being  divided  by  partitioni  inta 
numerous  narrow  cells  or  chambers.  A  tube,  called  a  siphunculua, 
passess  through  the  series  of  chambers.  In  all  probability,  this  tube 
enabled  the  animal  to  rise  from  great  depths  of  the  ocean  to  the  sur- 
face,  by  exhaustiug  the  water  from  the  chambers,  and  filling  them 
with  air. 

Till  within  the  last  few  years,  these  chambered  shells  have  been 
considered  as  the  habitation  of  marine  animals,'  like  the  bivalve  and 
univalve  shells ;  but  a  little  reflection  may  convince  us,  that  the  cham<« 
bers  were  much  too  small  to  contain  the  animal,  nor  could  the  ani« 
mal  possibly  pass  from  one  chamber  to  another.  There  is,  however^ 
one  living  species,  in  which  the  outward  cell  or  chamiber  is  so  much 
larger  than  the  rest,  that  there  is  sufficient  space  to  contain  a  great  pari 
of  the  animal.  This  is  the.  nautilus  pompilius,  an  inhabitant  of  the  In* 
dian  Ocean.  (See  Plate  YIIL,  fig.  3.,  which  represents  the  animal 
collapsed  in  the  last,  or  open  chamber  of  the  shell.) 

The  animals  belonging  to  the  different  chambered  shells  were  mol« 
laseous.  (See  Chap.  II.)  They  are  called  by  Cuvier  Cephalopodea, 
because  the  organs  of  motion  are  placed  round  the  head,  and  they 
walk  with  their  heads  downwards.  The  living  species  of  cepKalo- 
podes  are  for  the  most  part  virithout  any  external  shell ;  but  some 
have  an  internal  hard  substance  without  chambers,  of  which  the  cut- 
tle-fish bone  afibrds  a  familiar  example.  This  is  taken  out  of  the  body 
or  sac  of  the  animal — the  sepia  ofiicinalis,  which  is  common  on  our 
coasts. 

The  genera]  character  of  the  cephalopbdes,  as  given  by  Cuvier  in 
his  R^gne  Aniwaly  tom.  iii.,  is,  ''that  the  mantle  or  cloak  is  united 
nnder  the  body  of  the  animal,  and  forms  a  muscular  sac,  which  en- 
velopes all  the  viscera.  The  head  projects  from  the  opening  of  the 
sac ;  it  is  round,  and  has  two  large  eyes,  and  is  surrounded  (cimron^ 
nee)  by  fleshy  iarms  or  feet,  which  are  conical,  and  vary  in  length  in 
different  species.  These  arms  bend  in  every,  direction,  and  are  ex- 
ceedingly powerful.  On  the  surface  of  these  arms  are  numerous  suck- 
ers, by  which  the  animal  fixes  itself  strongly  to  the  bodies  that  it  seiz- 
es and  enfolds.  These  arms  serve  the  animal  both  to  seize  its  prey» 
to  walk,  or  to  swim.  It  walks  in  every  direction,  having  the  head  be- 
low, and  the  body  above.  At  the  base  of  the  arms  is  the  mouth,  which 
is  provided  with  two  strong  jaws  resembling  the  beak  of  a  parrot,  and 
aleo  with  a  fleshy  gizzard  like  that  of  a  bird. 

'*  Most  of  these  animals,  when  pursued,  excrete  a  particular  black 
liquor,  which  darkens  the  water,  and  conceals  them  from  their  ene- 
mies. Their  is  a  fleshy  funnel  placed  near  the  neck,  which  serves 
the  animal  for  its  excretions,  and  also  to  eject  the  water  that  it  ab- 
sorbs for  the  purpose  of  respiration.  They  are  of  two  ^sexes,  and  are 
voracious  and  cruel :  as  they  have  great  agility  in  seizing  their  prey^ 
fhey  destroy  multitudes  of  fiish  and  crustaceous  animals."  The  fleshy 
funnel,  or  excreting  organ,  is  not  seen  in  fig.  1.,  being  placed  on  the 
under  side ;  but  in  fig.  3.,  the  projecting  organ  below  the  tentacula 
is  the  funnel.  The  sepia  has  the  power  of  contracting  its  arms ;  and 
in  some  species  the  arms  are  much  shorter  than  represented  in  the 
plate,  fig.  1.,  but  these  have,  besides,  two  extremely  long  arms  or 
feelers.  If  the  accounts  of  voyagers  could  be  relied  upon,  there  are 
aepia  in  the  Indian  Ocean  with  arms  nine  fathoms  in  length,  and  so 
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kxge  that  their  sac  would  conttin  the  body  of  an  elephant  The  fleeh 
of  the  sepia  was  esteemed  a  great  luxury  by  the  ancients.  In  Plate 
YIII^  fig.  1.  is  the  sepia  octopedia,  an  inhabitant  of  the  British  seas* 
Fig.  i,  is  the  beak  of  a  species  of  sepia,  the  calmar ;  these  are  foimd 
fossil,  and  are  called  Rhyncolites.  Fig.  3.  is  the  naulihis  pompilius 
or  pearly  nautilus.  Great  uncertainty  prevailed  respecting  thd  ttom 
character  of  the  nautilus,  which  has  been  removed  by  a  scientific  ex- 
amination of  the  body  of  one  of  these  animals  caught  by  George  Ben« 
net,  Esq.,  and  of  which  an  interesting  account  has  been  recenUy  pub* 
lished  by  Mr.  Richard  Owen,  illustrated  by  beautiful  engravings.  It 
should  appear  from  Mr.  Owen's  account,  tJiat  the  organization  of  this 
animal  is  in  many  respects  less  perfect  than  that  of  several  species  of 
sepia  that  have  no  external  cell :  it  had  ninety-two  arms  or  tentacu- 
Is.  Fig.  3.  is  taken  from  Mr.  Owen's  first  plate,  but  greatly  redo* 
ced;  it  is  chiefly  intended  to  show  the  position  of  the  animal  in  the 
shell.  It  is  a  section  representing  the  interior  of  the  shell  divided 
into  chambers,  and  the  siphunculus  passing  through  them.  The  nau« 
tilus  pompilius  is  not  uncommon  as  a  fossil  shell.  It  may  be  seen 
both  recent  and  fossil  in  most  museums.  We  shall  now  proceed  to 
notice  the  principal  genera  of  chambered  shells,  not  in  the  numerical 
order  of  the  plate,  but  as  they  approach  the  nearest  to  the  form  of  the 
nautilus.* 

The  spiRULA  (fiff.  II.)  id  both  a  recent  and  a  fossil  shell :  the  turns 
or  whorls  of  the  shell  do  not  touch.  The  spirula  is  an  inhabitant  of 
trophical  seas ;  the  animal  resembles  that  species  of  sepia  called  th« 
seiche  or  common  sepia.  The  shell  is  almost  entirely  inclosed  in  the 
sac  Indeed^  it  appears  from  its  structure^  thai  the  animal  could  not 
be  contained  within  the  outer  cell.t 

Hie  AMMONiTB  (fig.  6.)  of  which  there  are  numerous  species,  dif«* 
fers  greatly  from  the  chambered  nautilus,  the  whorls  or  turns  being 
all  distinct,  and  in  the  same  plane,  and  the  cells  are  very  small.  The 
iiphuneulns  is  placed  near  the  outer  edge  ef  the  shelL  In  many  spe- 
cies,  the  cells  are  divided  by  indented  partitiptis,  as  represented  in  fig. 
7. :  in  other  species  the  dells  are  undulated.  8ome  ammonites  in  the 
vicinity  of  Bath  are  eighteen  inches  or  more  in  diameter.  The  shell 
must  have  been  intemd,  and  the  animal  that  contained  it  very  large. 
Ammonites,  though  so  abundant  in  the  secondary  stiata,  have  not  l^een 
fomd  in  a  recent  state,  except  the  account  can  be  relied  upon,  of  their 
having  been  discovered  in  the  Pacific  Ocean. 

The  scAPHiTB  resembles  an  ammonite  partly  unrolled.  A  very  re- 
markable specimen  of  one  recently  discovered  in  France  is  represent- 
ed ^,  4.  It  is  not  improbable,  that  many  internal  shells  were  com- 
posed rather  of  a  corneous  substance  than  of  shell,  and  were  capable 
of  being  coiled  or  folded  by  the  will  of  the  animal. 

Fig4  6.  is  a  straight  chambered  shell  called  a  baculite. 

Fig.  12.,  the  orthocexatitx,  is  a  straight  chambered  shell  resem- 
bling ammonites  unrolled,  but  the  cells  are  divided  by  concave  parti- 

•  The  animal  that  inhabits  the  thin  open  shell  called  the  paper  nautilus,  bm 
noi«  properly  the  argpnauta,  is  also  a  species  of  sepia :  it  is  common  in  the  Medi- 
lemoean.    ft  is  very  rarely  found  fossil. 

t  According  to  Lamarck,  the  animal,  beside  the  eight  arms  of  the  seoia  (see  fig. 
1-  piste  8.),  has  two  longer  arms  or  feelers :  in  this  respect  it  resembles  the  Calmar, 
vokh  is  common  on  the  coasts  of  Europe. 
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tioDS,  as  in  the  nautilus.  Some  orthoceralites  are  two  or  more  feet  in 
length :  tbe  animal  contained  in  them  must  have  been  <>(  vast  size. 
Orthoceratiies  are  the  most  ancient  of  fossil  chambered  shells,  and 
arcf  chiefly  found  hi  transition  limestone. 

Fig.  9.  The  fielemnite  Is  a  taper  straight  sheU  with  an  internal 
chambered  cone.  In  some  species  there  is  no  chambered  cone.  This 
iinchamber^d  internal  shell  may  have  performed  the  same  office  as  the 
internal  bone  of  the'  sepia  officinalis,  or.  cuttle-fish.  It  is  deserving 
notice«  that  the  coat  of  the  belemnite^  when  slightly  burnt,  yields  the 
odour  of  Burnt  horn,  which  tends  to  confirm  the  supposition  that  in- 
ternal shells  were,  corneous  substances. 

Fig.  13.  The  Nummulite,  (so  called  from  its  resemblence  to  a  small 
Roman  coin)  has.  nearly  a  flat  or  lenticular  form.  It  has  within  it  a 
cavity,  divided  by  partitions  into  numerous  small  cells,  without  a  sy- 
phon or  siphunculus ;  part  of  the  outside  of  the  shell  is  removed  in 
the  figure,  to  show  the  internal  chambered  structure.  'Whether  the 
animal  belonged  \o  the  genus  Sepia  is  not  know. 

This  KttJe  fossil  forms  entire  calcareous  hills  and  immense  beds  of 
building  stone  in  some  countries.  **  It  is  of  stone  composed  of  these 
ifhells  that  the  Fyramidsof  Egypt  are  constructed."  Cuvierj  Regne 
Animal, 

Allthe  above  genera  of  chambered  shells,  with  the  exception  of  the 
NautUas  and  Spirula,  are  fossil. 

We  are  come  bow  to  other  orders  of  molluscous  animals,  whose 
organization  is  less  complex^  and  their  powers  of  motion  more  limited, 
than .  in  the  cephalopodes.  These  are  the  inhabitants  of  bividve  and 
univalve  shells.  The  first  are  called  by  Guvier  Acephalous,  being 
without  heads.  Of  these  the  oyster  oflers  the  most  familiar  example. 
Most  of  the  species  are  permanently  attached  to  rocks,  add  have  no 
member  to  protrude  beyond  the  shell.  Those  species  of  the  oyster 
family  that  are  not  attached  permanently,  can  only  move  by  driving 
out  the  water,  as  they  suddenly  shut  the  valves  of  the  shell.  Species 
of  other  genera  of  bivalves,  though  without  heads,  possess  the  power 
of  locomotion. 

Fig.  16.  repi-esents  the  ianimal  ^nd  shell  of  a  Bucardium. 

This  animal  puts  out  a  triangular  body,  formed  of  two  pipes  or 
tubes,  separated  and  flat,  but  which  becomes  round  as  th)S  water  enters 
by  the  lower  tube,  and  goes  out  at  the  upper  one.  The  tubes  are  sur- 
rounded with'hairs.  When  the  animal  is  disturbed,  or  hears  a  noise, 
it  throws  out  water  to  the  distance  of  a  foot.  When  it  wishes  to 
ehange  its  quarters,  it  protrudes  a  long  foot,  and  seeks,  with  the  further 
end  of  it,  some  object  or  point  of  support,  to  which  it  fixes  it ;  tfie 
animal  then  draws  back  its  shell  about  two  inches  at  a  time,  till  it  has 
attained  or  reached  the  spot  where  it  desires  to  abide.  Cuvier  re- 
gards one  of  the  tubes  as  suited  for  respiration  by  the  absorption  of 
water,  and  the  other  for  its  excretions.  He  further  states,  that  bivalves 
which  have  these  tubes  live  buried  in  mud  or  sand. 

The  animals  inhabiting  univalve  shells  are  chiefly  classed  by  Cuvier 
as  Crasteropodes,  from  their  moving  in  their  stomachs  like. snails.  In 
most  species  of  univalves,  the  animal  has  a  head  with  two  eyes,  and 
a  trunk  resembling  the  trunk  of  an  elephant;  with  this  trunk  it  seizes 
its  food;  and  in  some  species  the  trunk  is  used  for  piercing  other  shells. 
The  animal  crawls  upon  a  fleshy  foot,  near  the  end  of  which  there  ia 


KUBLIMIJKABT  OBSEBVATfOKS.  XZUI 

t  boinf  substance  called  an  operculum,  tbat  serves  as  a  door  to  cloe* 
the  shell,  when  the  animal  withdraws  into  iL  In  many  species  of  «ttni« 
nlTcs,  the  animal  can  fold  the  mantle  so  as  to  form  a  tube  which  pro» 
trades  into  the  water,  while  the  head  and  foot  remain  in  the  shelL 
Some  species  of  uniyalves  are  carnivorous,  others  are  herfoiverous, 
and  the  nature  of  their  food  determines  their  residence  either  near  the 
shore  or  in  deep  water. 

Fig.  15.  represents  the  shell  and  animal  of  a  species  of -Buccinumy 
which  agrees  with  the  above  description  of  the  inhabitants  of  univalve 
shells.  The  foot  on  which  it  crawls  is  on  the  led  hand,  with  the  oval 
operculum  near  the  end  of  it  On  the  right  hand  of  the  figure,  at  the  top» 
the  mantle  is  represented  folded,  to  form  a  tube,  as  above  deecribed. 

In  some  species,  both  of  bivalve  and  univalve  shells,  the  animals 
depart  considerably  from  the  general  character  of  the  class  to  which 
they  belong.  There  are  some  bivalves  which  have  the  cavities  of 
the  shells  divided  by  partitions,  the  uses  of  which  are  not  known ; 
and  some  univalves  have  an  apparatus  for  swimming  on  the  surface  of 
the  water. 

The  Hippurite,  a  remarkable  fossil' bivalve,  with  a  deep  conicid 
under  shell,  and  a  fiat  lid,  is  represented  fig.  14.  It  is  classed  hy  Cuvier 
with  the  oyster  family ;  and,  by  Parkinson,  with  chambered  -  shdls* 
The  nature  of  the  animal  is  unknown.  The  shell  is  divided  by  trans* 
verse  septa,  or  partitions,  on  whi<;h  account  Mr.  Parkinson  places  it 
among  other  species  of  chambered  fossils.  The  existenpe  of  a  lid 
seems  to  prove,  that  it  was  not  an  internal  shell,  but  the  habitatloki 
of  the  animal.  -A  fossil  hippurite  has  recently  been  found  in  the  chalk 
hills  of  Sussex,  by  Mr.  MantelL 

The  Janthiaa  is  a  beautiful  purple-coloured  univalve  shell,  nearly 
resemUing  in  form  the  snail ;  Xiamarck  discovered,  that  it  could  not 
crawl  on  its  foot,  but  that  the  foot  is  covered  with  air  bladders,  which 
enable  the  ammal  to  rise  and  swim  on  the  surface  of  the  water.  The 
janthina  is  common  in  the  Mediterranean ;  when  touched,  it  exoretea 
a  deep  purple  liquor,  which  tinges  the  surrounding  water.  (Cuvier,  R. 
A,  tom.  iii.)  There  are  other  animals  occupying  univalve  shells,  that 
have  the  power  of  swimming.  The  Lymnea  stagnalis,  an  inhabitant 
of  ponds,  swims  on  the  surface  of  the  water  in  a  reversed- position.  It 
descends  by  compressing  itself  whlthin  'the  shell,  and  expelling  the 
air,  and  thus  sinks  immediately  to  the  bottom.  Mr.  Parkinsob  righily 
conjectures,  that  the  shells  resembling  the  Helix,  or  snail,  in  the  older 
strata,  were  constituted  for  swimming,  like  the  janthina :  they  could 
scarcely  haf;e  used  a  foot  for  crawling,  at  the  bottom  of  a  deep  and 
agitated  ocean« 

We  come  now  to  another  division  of  the  animal  kingdom,  called  by 
Corier  Radiated*  See  Chap.  II.  Some  of  the  animals  comprised  in 
this  division  have  led  abundant  remains  in  the  fossil  state,  particularly 
the  encrinite  and  the  pentacrinite.  These  animals  had  a  stem,  com- 
posed of  numerous  plates,  and  terminating  in  branches  surrounding 
the  mouth,  resembling  the  stem  and  branches  of  a  vegetable.  Both 
these  species  were  supposed  to  be  extinct ;  but  a  living  petltacrinus 
has  been  dii^covered  in  the  West  Indies,  and  a  smaller  species,  more 
recently,  in  the  Cove  of  Cork,  This  has  been  described  by  Mr.  J.  V. 
Thompson,  gf  Cork.  A  drawing  of  this  animal,  taking  by  Mr. 
Thompson,  is  given  (Plate  VIII.  fig.  17.    A  cut  of  a  remarkable  species 
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of  fotfil  encrinite  is  gfi^en,  p.  164. :  it »  named  the  Lilf  Encrinite^  be- 
came the  armst  when  folded,  resemble  the  head  of  the  lily.  Indeed,  the 
whole  chus,  of  encrinites  ind  pentacripites  are  called  crinotdea^  from 
krinoih  the  lily,  by  Mr.  Millar,  in  his  valuable  work  on  these  fossils. 
The  arms  of  part  of  a  Briarean  pentacrinite  are  represented,  p.  180. 

In  the  encrinite,  the  stem  is  composed  of  numerous  round  plates, 
or  Tertebrs ;  the  branches  are  also  composed  of  numerous  smaller, 
but  similar  plates,  as  may  be  seen  by  referring  to  fig.  17.  and  the  cuts. 
The  pentacrinite  difiered  from  the  encrinite  by  the  plates,  or  vertebrae, 
df  the  stem  and  branches  being  pentagonal.  The  stems  of  both  were 
attached  io  rOcks.  They  appear,  like  various  polypi,  to  have  increased 
by  throwing  out  lateral  stems  (see  the  above  fig.).  The  calcareous 
TertebraB  thai  formed  die  stem  and  branches,  were  enteloped  by  a  thin 
coat  of  animal  matter,  which  must  have  possessed  great  muscular  pdw- 
er,  to  have  enabled  the  animal  to  move  its^arms  with  great  facility, 
when  seizing  ilD  prey. 

In  fig;  17b  the  expanded  arms  of  the  upper  head  of  the  pentacrinus 
expose  the  pentagonal  aperture  or  moutn  in  the  centre ;  and  a  little 
above  this  to  a  round  tube  or  aperture,  which  serves  for  the  excretion 
•f  the  fieces.  In  fig.  1,8.,  which  is  a  head  with  the  arms  removed,  it 
will  be  seen,  that  the  excreting  tube  projects  a  little  above  the  moutli. 
One  head  pf  the  pentacrinus  is  represented  as  folded,  and  another  as 
partly  collapsed.  As  these'  animals  were  enveloped  in  a  \hin  fieshy 
eovertngi  their  calcareous  remains  may  be  regarded  as  portions  of  the 
skeleton.  Some  beds  of  mountain  limestone,  in  Derbyshire,  are  al- 
most entirely  composed  of  broken  stems  and  branches  of  encrinites, 
not  uncommonly  called  entrochites.  In  a  part  of  ihis  work  it  was 
stated,  on  the  authority  of  a  letter  sent  to  the  Author,  that  the  Lily 
Encrinite  had  been  discovered  in  Ireland  ;  but  the  cut  subsequently 
ffiven  of  it  in  Mr.  Loudon's  Magazine  of  Natural  History ^  makes 
It  doubtful,  whether  it  is  the  true  Lily  Encrinite^  or  a  speciers  nearly 
resembling  it      * 

The  Author  cannot  conclude  diese  Remarks,  without  expressing  a 
wish,  that  scientific  voyagers  and  medical  gentlemen,  who  visit  trop- 
ical seas,'  would  carefully  examine  the  dinereiit  species  of  sepia  that 
may  be  caught.  It  is  prol^abls',  that  there  are  living  speciiss,  with  in- 
ternal chasnoered  shells,  resembling  more  or  less  the  figures  in  plate 
YIIL  Cuvier  ^ys,  that  a  little  change  in  the  structure  of  the  oval 
internal  shell  of  the  cuttle  fish,  would  convert  it  into  the  internal  I 
chambered  shell  of  the  spirula.  It  was  with  a  view  to  excite  the  curi-  ! 
oslty  of'  voyagers,  when  near  the  coast  of  North  America,  that  the 
Author  has  suggested  the  possibility  of  the  ichthyosaurus  visiting  those 
seas,  p.  313.  Cuvier  too  hastily  conjectured  that  no  new  living  spe- 
cies of  large  terrestrial  quadrupeds  remained  to  be  discovered.  The 
gigantic  tapir  and  new  species  of  elephants  have  since  been  discovered 
in  India.  The  Author  considers  it  far  from  improbable,  that  the  great 
mastodon  may  exist  in  some  of  the  unexplored  recesses  on  the  west- 
ern side  of  North  America ;  and  he  would  particularly  recommend 
eomparatire  anatomists  to  examine  the  structure  of  the  Orisly  bear, 
and  compare  it  with  the  skeleton  of  the  cavern  bear,  (urmis  spelsus.) 
When  Cuvier  published  the  last  edition  of  his  R^gne  Animal^  in 
18^,  he  does  not  appear  to  have  known  any  thing  respecting  the 
Grisly  bear. 
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CHAPTER  I. 
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which  the  different  Classes  appear  in  England. — The  present  Islands  and  Con- 
liaeats  formerly  covered  by  the  Ocean. — Existing  Proofs  of  this  in  Great  Brit- 
ain and  \'anous  Parts  of  the  World. — Fossil  Remains  of  marine 'Animals,  Ve- 
.sretables,  and  land  GLuadrupeds ;  the  Strata  in  which  they  are  imbedded  formed 
in  Saccession  at  difierent  Epochs. — On  human  Bones  occasionally  imbedded  in 
fiock. — iQfcrences  respecting  the  former  Condition  of  the  Globe. — Remarkable 
Passage  in  die  Institutes  of  Menu. 


In  this  Chapter  the  author  has  endeavoured  to  give  such  an  outline 
of  the  science,  and  its  practical  application  to  the  knowledge  of  the  Ge- 
ology of  England,  as  maybe  dearly  and  easily  understood  by  thegener- 
al  reader,  and  prepare  him  for  the  perusal  of  the  succeeding  Chapters. 


There  are  perhaps  few  persons^  possessed  of  much  curioshy  in 
early  life,  to  whom  the  following  question  has  not  frequently  present- 
ed itseli^ — fVhat  is  the  toorld  made  of^  Now  this  question,  with 
certain  conditions,  comprises  the  most  important  objects  of  geologi- 
cal research ;  namely,  What  tire  the  substances  of  which  the  Earth 
is  composed  ?  What  is  the  order  in  which  they  are  arranged  ?  What 
are  the  changes  they  appear  to  have  undergone  ? — But  how  are 
satisfactory  answers  to  these  inquiries  to  be  obtained  ? 

When  we  examine  the  terrestrial  globe,  where  the  solid  parts  are 
uncovered  and  exposed  to  our  view,  we  observe  vast  masses  of  rock 
or  stone  lying  in  apparent  confusion  on  each  other :  or,  should  we 
perceive  some  regularity  in  their  position  and  arrangement,  we  soon 
bse  sight  of  it  again  by  the  intervention  of  other  rocks.  In  this  de- 
pmment  of  nature  all  seems  vast,  unshapen,  and  chaotic ;  but  let 
us  not  be  discouraged,  for  we  may  recollect  that  the  grandest  objects 
in  the  material  universe,  seldom  present  to  the  hasty  view  of  the  su- 
perficial observer,  immediate  proofs  of  order  or  design. 

The  shepherd  who  first  discovered  that  the  planets  were  not  fixed 
in  the  heavens,  and  noticed  their  apparently  intricate  wanderings 
among  the  stars,  could  not  possibly  anticipate  the  regularity  and  har- 
monious simplicity  of  their  movements,  which  subsequent  observation* 
have  demonstrated. 
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2  PRACTICAL  AND  SPECULATIVE  GEOLOGY. 

Let  us  then  endeavour  to  ascertain  by  what  means  we  may  be* 
come  acquainted  with  the  structure  of  the  solid  covering  of  our  globe* 
Were  these  means  bounded  by  the  power  of  man  to  penetrate  be- 
low the  surface,  our  knowledge  must  ever  remain  very  limited  and 
imperfect ;  but  natural  operations  have  greatly  facilitated  our  inqui- 
ries, and  have  broken  the  rocky  pavement  of  the  globe,  and  raised 
up  or  laid  bare  the  mineral  substances  of  which  it  is  composed.  By 
an  attentive  examination  of  the  situations  where  the  rocks  and  strata 
are  thus  exposed  to  our  research,  we  lay  the  foundation  of  the  science 
denommated  Geology. 

Geology  is  derived  from  two  Greek  words,  ge  "  the  earth,'*  and 
logos  "  reason,"  and  signiBes  the  Science  of  the  Earth.  Werner 
and  his  disciples,  and  also  some  of  the  French  geologists,  have  chan- 
ged the  term  into  geognosy  ;  but  for  this  change  no  sufficient  reason 
can  be  assigned,  and  it  is  contrary  to  established  analogies  of  lan- 
guage.* Philosophers,  in  former  ages,  neglected  the  examination 
of  the  earth,  and  contented  themselves  with  vain  speculations  respec- 
ting its  formation  ;  whereas  the  only  proper  answer  to  the  question, 
How  W(i8  the  world  made  ?  is  briefly  this — "  By  the  almighty  power 
of  its  Creator."  We  may  however  be  permitted,  and  indeed  we  are 
almost  irresistibly  impelled,  to  inquire  iiuo  the  nature  of  the  secondary 
causes,  that  have  been  operative  in  reducing  the  surface  of  our  globe  to 
its  present  state.  This  inquiry  comprises  what  may  properly  be  de^ 
nominated  Speculative  Geology.  Nor  is  this,  as  some  assert,  entirely 
useless :  the  advocates  of  particular  systems  have  engaged  in  an 
active  examination  of  nature  to  support  their  opinions,  and  have 
*'  compassed,  sea  and  land  to  gain  proselytes :"  thus  numerous  facts 
have  been  discovered,  with  which  we  should  not  have  been  acquaint- 
ed had  they  remained  idle  in  tlieir  studies. 

The  earth  is  now  well  known  to  be  one  of  those  globular  bodies 
called  planets,  that  revolve  round  the  sun  in  orbits  nearly  circular, 
and  in  stated  periods  of  time,,  which  bear  a  certain  ratio  to  their  re- 
spective distances  from  it.  They  turn  round  their  axis  with  differ- 
ent degrees  of  velocity ;  and  this  motion  appears  to  have  had  con- 
siderable influence  on  their  external  shape,  by  enlarging  their  equa- 
torial diameters ;  they  are  not  perfect  spheres,  but  are  more  or  less 
flattened  at  their  poles. 

In  the  planet  Jupiter,  tlie  velocity  of  the  equatorial  parts  is  more 
than  four  hundred  miles  per  minute,  whilst  in  the  same  time  the  equa- 
torial pans  of  the  Earth  Jiave  moved  only  seventeen  miles.  A  dif- 
ference between  the  polar  and  equatorial  diameter  of  Jupiter  is^  per<- 
ceptible  with  a  telescope  that  has  a  distinct  magnifying  power  of  a 
hundred  times>  and  it  is  ascertained  to  be  as  12  to  IS^     The  equa- 


♦  Nothing  can  be  more  anmeaning  than  the  apologies  that  have  been  offered  for 
sabstitHtifig  {gnosis)  "  knowledge,"  for  (iogos)  "  reason."  By  the  same  rule  we 
ought  to  chflDge  meteorology,  physiology,  &e.  into  meteorognosy,  physiogaosy,  &c. 
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tonal  diameter  of  the  earth  exceeds  its  polar  about  twenty-seven 
miles ;  the  length  of  the  equatorial  diameter  being  7927,  that  of  the 
polar  7900  miles. 

The  relative  density  of  the  sun,  the  earth,  and  of  the  other  planets, 
is  estimated  by  the  attractive  force  which  they  exert  on  each  other, 
as  they  move  round  their  common  center  of  gravity.  The  absolute 
density  or  the  quantity  of  matter  contained  in  the  earth,  compared 
with  an  equal  bulk  of  any  known  substance,  may  be  nearly  deter- 
mined by  the  attractive  force  which  any  given  mass  of  matter  exerts 
upon  a  plummet  (when  suspended  in  its  vicinity)  to  draw  it  from  a 
vertical  line.  This  will  be  proportional  to  the  absolute  quantity  of 
matter  in  that  mass  compared  with  that  of  the  earth.  By  this  meth- 
od, it  has  been  found  that  the  mean  density  of  the  earth  is  about  five 
times  greater  than  that  of  water,  or  nearly  twice  the  average  density 
of  the  rocks  and  stones  on  the  surface. 

Hence  it  has  been  inferred  that  the  interior  part  of  the  earth  is 
solid ;  or,  if  it  be  cavernous,  that  the  solid  matter  must  possess  great 
density.  It  is  not  improbable  that  iron,  nearly  in  a  metalKc  state, 
may  be  one  of  the  constituent  parts  of  the  central  mass,  and  to  this 
it  may  owe  its  magnetic  polarity. 

'  Dr.  Halley  supposed  that  the  earth  is  a  hollow  sphere,  containing 
within  it  a  central  magnetic  globe,  and  that  the  revolutions  of  this 
globe  on  its  axis,  occasioned  the  variations  of  the  magnetic  needle. 
Laplace,  the  celebrated  French  astronomer,  asserts,  that  the  nutation 
of  the  earth's  axis,  and  experiments  on  the  vibration  of  the  pendu- 
lum, indicate  an  increase  of  density  of  the  mineral  beds,  as  they 
approach  nearer  to  its  centre,  at  least  to  a  certain  depth  from  the  sur- 
face. The  rapid  transition  of  motion  to  very  distant  parts  of  the 
earth  during  violent  earthquakes,  renders  it  probable  that  there  are 
cavities  filled  with  fluid  or  gaseous  matter,  which  extend  to  difierent 
parts  of  the  globe,  at  great  depths  under  the  surface. 

An  opinion  has  long  been  entertained,  that  our  planet  contains 
within  it  a  mass  of  igneous  matter,  the  source  of  central  heat,  which 
is  supposed  to  be  an  important  agent  in  maintaining  the  present  tem- 
perature of  the  globe,  nor  are  facts  wanting  to  lend  support  to  this 
opinion.  The  occurrence  of  numerous  active  volcanoes  in  both 
hemispheres,  and  in  every  degree  of  latitude ;  the  existence  of  ex- 
tinct ancient  volcanoes,  and  of  rocks  of  igneous  origin  in  almost 
every  country ;  and  the  numlrons  hot  and  warm  springs  that  pre- 
serve an  unvarying  temperature  for  centuries, — all  indicate  the  ex- 
istence of  a  source  of  heat  deeply  seated  beneath  the  surface.  It 
seems  also  to  be  proved  by  observations  made  for  the  purpose  in  deep 
mines,  that  the  temperature  of  the  earth  increases  as  we  descend  $ 
though  at  a  small  distance  from  the  surface,  the  temperature  of  the 
ground  and  of  wells  is  the  same  in  every  season,  but  it  varies  in  difierent 
btitudes.  The  animals  and  vegetables  whose  remains  in  a  fossil  state 
are  found  in  northern  climates,  are,  generally,  analogous  in  structure 
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to  the  animab  and  vegetables  of  tropical  climates ;  and  heoce  it  has 
beea  inrerred  by  some  geologists,  that  the  central  mass  of  heat  is  grad- 
ually refrigerating.  It  is,  however,  the  crust  of  the  globe  that  o&rs 
proper  occupation  to  the  geologist.  The  greatest  depth  to  which 
he  can  extend  his  observations  from  the  uppermost  strata,  to  the 
very  lowest  beds  that  have  been  raised  up  or  laid  bare  by  these  natT 
ural  operations  which  have  formed  mountains  or  valleys,  is  less  than 
eight  miles ;  a  thickness  which,  compared  with  the  bulk  of  the  earth 
itself,  does  not  exceed  that  of  a  coat  of  varnish  upon  an  artificial 
terrestrial  globe.  Were  we  to  bear  this  sufGciently  in  mind,  the 
mighty  catastrophes  which  have  changed  the  surface  of  the  globe 
in  former  periods,  and  have  left  traces  of  their  action,  appalling  to  the 
imagination,  would  cease  to  exceed  the  sober  measure  of  belief. 

The  superficies  of  our  planet  is  calculated  to  contain  about  one 
hundred  and  ninety  millions  of  square  miles ;  but  could  we  be  rais- 
ed to  a  sufficient  height  above  the  earth,  so  as  to  have  its  whole  en- 
lightened hemisphere  for  our  horizon,  we  might  perceive  as  it  revol- 
ved under  our  feet,  how  small  a  portion  is  fitted  for  tlie  habitation 
of  man.  More  than  three  fifths  of  the  earth's  surface  .are  covered 
by  the  ocean ;  and  if  from  the  remaining  part  we  deduct  the  space 
occupied  by  polar  ice  and  eternal  snow,  by  sandy  deserts,  steril  mouA- 
tains,  marshes,  rivers  and  lakes,  the  habitable  portion  will  scarcely 
exceed  one  fifth  of  the  whole  of  the  globe.  Nor  have  we  reason 
to  believe  that  at  any  former  period  the  dominion  of  man  over  the 
earth  was  more  extensive  than  at  present.  The  remaining  four  fifths 
of  our  globe,  though  untenanted  by  mankind,  are,  for  the  most 
part,  abundantly  stocked  with  animated  beings,  that  exult  in  the 
pleasure  of  existence,,  independent  of  human  control,  and  no  way 
subservient  to  the  necessities  or  caprices  of  man.  Such  is  and 
has  been  for  several  thousand  years  the  actual  condition  of  our  plan** 
et ;  nor  is  the  consideration  foreign  to  our  subject,  for  hence  we  may 
feel  less  reluctance  in  admitting  the  prolonged  ages  or  days  of  Crea- 
don, when  numerous  tribes  of  the  lower  orders  of  aquatic  animals 
lived  and  flourished,  and  left  their  remains  imbedded  in  the  strata  that 
compose  the  outer  crust  of  our  planet. 

The  ocean  has  been  an  important  agent  in  efieciing  vast  changes 
on  the  surface  of  our  globe,  which  will  be  hereafter  considered.  The 
average  depth  of  the  sea  has  been  differently  estimated.  According 
to  Laplace,  this  depth  cannot  be  less  flian  ten  miles,  to  account  for 
the  height  of  the  tides  by  the  laws  of  gravitation ;  but  it  is  more 
generally  admitted  that  the  average  depth  does  not  exceed  five  miles. 
No  admeasurement  by  soundings  has  exceeded  the  depth  of  one  mile 
and  a  quarter. 

The  ocean  has  not  always  occupied  its  present  bed,  for  rocks  al- 
mo^  entirely  composed  of  the  shells  or  remains  of  marine  animals, 
are  found  in  almost  every  country  that  has  yet  been  explored ;  and 
these  remains  occur  near  the  summits  of  the  highest  mountains,  in 
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die  old  and  new  contiDeoU,  some  of  which  rise  more  than  two 
above  the  present  level  of  the  sea.  J^^&^  V\^^  \  '^^ 

It  is  wefl  known  that  the  water  of  the  sea  contains  a  cor^^^^^    —  ^  ^ 


portion  of  common  salt,  and  a  small  portion  of  other  sali 
eots.*    The  average  amount  of  salt  in  the  ocean  may  be' 
at  2^  per  cent,  of  common  salt,  and  \  per  cent,  of  other  sa 
pounds.  _ 

The  atmosphere  which  surrounds  the  earth  does  not  come  under 
ibe  auction  of  the  geologist,  except  as  an  agent  in  wearing  down 
the  sotid  surface,  by  the  precipitation  of  rain,  and  by  change  of  tem* 
perature.  The  inequalities  ol  the  earth's  surface  formed  by  moun- 
tains and  valleys  affi>rd  frequent  opportunities  for  observing  that  the 
mineral  substances  of  which  it  is  composed  are  of  different  kinds :  in 
some  sittiations,  we  observe  strata  of  chalk ;  in  others,  of  sandstone, 
or  compact  limestone,  or  beds  of  slate,  granite,  be.  It  was  long 
since  known  to  working  miners,  that  the  different  beds  of  mineral 
matter  lie  over  each  other  in  a  regular  order  in  certain  districts,  and 
ibat  certain  beds  are  always  found  under,  and  never  above,  other 
particular  beds. 

The  first  observations  which  may  be  said  to  have  laid  the  founda- 
tion for  a  correct  classification  of  rocks  were  made  by  the  German 
Lehman,  about  the  middle  of  the  last  century.  He  found  that  the 
lower  rocks,  in  some  of  the  mining  districts,  were  distinguished  from 
the  upper  rocks  by  their  great  hardness,  and  by  their  structure,  which 
was,  for  the  most  part,  either  crystalline  or  slaty ;  they  were  also  dis- 
tinguished hy  ^e  absence  of  shells  and  other  organic  remains,  and 
by  the  absence  of  fragments  of  other  rocks,  which  occur  so  frequent- 
ly in  the  upper  rocks  or  strata.  He  further  observed,  that  many  of 
the  upper  strata,  besides  containing  organic  remains,  appeared  to 
have  been  formed  of  fragments  of  the  lower  rocks,  broken  down  and 
agglutinated  together ;  and  hence  he  inferred,  that  the  lower  rocks 
were  formed  prior  to  the  creation  of  animals,  and  he  gave  them  the 
name  of  Primitive  or  Primary,  and  distinguished  the  tipper  by  the 
name  of  Secondary.  This  grand  division,  though  too  hastily  form- 
ed, was  of  use  in  the  infancy  of  the  science,  and  induced  naturalists 
to  examine  more  attentively  the  nature  and  position  of  the  rocks  in 
different  countries :  and,  as  their  observations  became  more  extend- 
ed and  accurate,  a  more  extended  arrangement  and  classification  was 
ibuod  necessary.     Many  of  the  earlier  geologists  maintained  that 


*  The  inquiry  has  often  been  made, — Whence  did  the  sea  derive  its  saline  con- 
tents ?  It  has  been  supposed  by  some  writers  that  the  salt  io  the  sea  has  been  grad- 
ually aofmented  by  saline  particles  brought  into  it  by  rivers;  but  this  cause  is  to- 
tallr  inadequate  to  explain  the  immense  quantity  of  salt  existing  io  the  whole  mass 
of  the  ocean.  If  the  average  depth  of  the  sea  be  five  miles,  and  it  contain  2^  per 
cent,  of  salt, — were  the  water  entirely  evaporated,  the  saline  residue  would  form  a 
^ratum  of  salt  more  than  five  hundred  feet  in  thickness  covering  three  fifths  of  the 
^Tirlacc  of  the  globe. 
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eacli  bed  or  stratum  of  rock  is  spread  uDirersally  over  the  globe,  and 
that  a  series  of  beds,  in  regular  successiOD,  environs  our  planet,  like 
the  coats  of  an  onion.  This  position  is,  however,  much  too  general, 
as  many  beds  of  rock  which  are  common  in  one  country,  are  entire- 
ly wanting  in  another :  but,  taken  as  an  illustration  of  the  structure  of 
the  crust  of  our  globe  over  a  certain  extent,  the  successive  coats  of 
an  onion,  if  they  were  of  different  colours,  might  not  unaptly  repre- 
sent the  different  strata  that  cover  certain  districts. 

It  may  here  also  be  proper  to  observe,  that  the  different  strata 
which  occur  under  each  other,  are  not  arranged  in  the  order  of  their 
density  or  specific  gravity.  Coal  strata,  for  instance,  are  often  cov- 
ered with  strata  of  iron-stone,  the  specific  gravity  of  which  is  naore 
than  twice  that  of  coal. 

I  shall  now  proceed  to  enumerate  the  different  classes  of  rocks 
generally  admitted  by  geologists,  and  briefly  describe  the  principal 
characters  of  each  class ;  and,  in  order  to  direct  the  attention  of  the 
reader  more  forcibly  to  the  subject,  I  shall  trace  on  an  oudine  map 
the  principal  situations  in  our  own  island,  where  rocks  of  each  class 
occur,  except  the  recent  volcanic. 

All  the  different  rocks  and  strata  that  cover  the  earth's  surface  may 
be  arranged  under  the  following  classes : — 

1.  Primary. 

2.  Intermediate,  or  Transition  tf 
34  Secondary;  comprising 

a.  The  Lower  Secondary  Series,  and 
i.  The  Upper  Secondary  Series.* 

4.  Tertiary. 

5.  Basaltic  and  Volcanic. 

6.  Diluvial  and  Alluvial  Ground. 

This  arrangement  is  substantially  followed  by  most  geologists  of 
the  present  day,  though  with  some  modification  of  the  names.  Sev- 
eral of  the  French  geologists  class  the  lower  secondary,  including  the 
coal  strata,  with  tlie  intermediate  or  transition  rocks :  some  urgent 
reasons  may  be  advanced  for  this,  which  we  shall  subsequently  no- 
tice. Objections  have  been  made  to  the  terms  primary,  secondary, 
&c.,  that  they  do  not  strictly  conform  to  the  present  state  of  geolo- 
gy ;  but  a  change  of  names,  which  are  in  general  use  and  well  un- 
derstood, would  be  attended  with  no  adequate  advantage,  and  would 
be  ill  suited  to  promote  the  knowledge  of  the  science  in  an  introduc- 
tory work.^  •  It  is  greatly  to  be  regretted,  that  a  morbid  desire  to  ob- 
tain celebrity  by  inventing  new  nomenclatures,  should  so  much  pre- 
vail among  some  of  the  cultivators  of  natural  science.  The  author 
is  of  opinion,  that  a  more  simple  arrangement  of  rocks  might  be  made 


»  By  some  geologists  these  secondary  strata  arc  called  "  the  older"  aod  "  the 
younger  scries,'*  terms  which  are  equally  clear  and  intelligible.    • 
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wiihout  any  material  change  of  the  present  names,  and  he  is  persuad* 
ed  that  such  an  arrangement  will  take  place  in  a  more  advanced  state 
of  the  science,  (see  Chap.  V.) 

Primary  or  Primiiioe  Rocks — were  so  called  because  no  fossil  re- 
mains of  animals  or  vegetables,  nor  any  fragments  of  other  rocks, 
were  found  imbedded  in  them :  hence  it  was  supposed  that  they 
were  formed  prior  to  the  creation  of  organic  beings.  The  rocks  of 
this  class  are  for  the  most  part  extremely  hard,  and  the  minerals  of 
which  they  are  composed  are  frequently  more  or  less  perfectly  crys- 
tallized. These  rocks  generally  occur  in  immense  masses  or  beds ; 
they  form  the  lowest  part  of  the  earth's  surface  with  which  we  are 
acquainted,  and  they  not  only  constitute  the  foundation  on  which 
rocks  of  the  other  classes  are  laid,  but  in  many  situations  they  pierce 
through  the  incumbent  rocks  and  strata,  and  form  also  the  highest 
mountains  in  alpine  districts.  We  are  not  to  conclude,  when  we 
see  a  mountain  or  range*  of  mountains  bounded  by  a  plain,  that  the 
mineral  beds  and  strata  of  which  these  mountains  are  formed  term- 
inate at  their  apparent  bases ;  on  the  contrary,  they  dip  under  the 
surface  at  angles  more  or  less  inclined,  stretching  below  the  lower 
grounds  and  bills,  and  often  rising  again  in  remote  districts. 

That  primary  rocks  environ  the  whole  globe  will  not  admit  of  di- 
rect proof;  but,  from  their  frequent  occurrence  in  mountamous  dis- 
tricts in  the  most  distant  parts  of  the  world  that  have  been  examined, 
we  may  infer  that  some  of  the  rocks  of  this  class  constitute  the  foun- 
dation rock  of  every  country.  We  have  no  means  of  ascertaining  that 
the  simiJar  rocks  of  distant  districts  were  formed  at  the  same  time, 
nor  can  we  be  certab  that  the  rocks  called  Primary,  have  not  once 
contained  oi^antc  remains,  that  were  destroyed  during  the  process 
by  which  they  acquired  their  present  crystalline  structure.  We  may 
however,  with  apparent  probability,  infer  that  their  formation  was 
prior  to  the  existence  of  animals  or  vegetables  on  our  planet  in  its 
present  state,  because  the  rocks  which  immediately  cover  them  con- 
tain abnost  exclusively  the  organic  remains  of  the  lowest  class*  of  an- 
imals, which  are  considered  as  forming  the  first  link  in  the  chain  of 
animated  beings.  On  this  account  these  rocks  have  been  called  by 
the  German  geologists  transition  rocks,  from  the  supposition  that  they 
were  formed  when  the  world  was  passing  from  an  uninhabitable  to  a 
habitable  state. 

Transition  or  intermediate  rocks  are  generally  less  crystalline  thanr 
the  primary ;  they  contain  occasionally  organic  remains  of  the  lower 
classes  of  animals,  and  also  fragments  of  rocks  of  the  primary  class* 
They  are  frequently  interposed  between  rocks  of  the  primary  class, 
and  those  more  generally  called  secondary,  and  often  partake  of  the 
character  belonging  to  both.  The  prevailing  rocks  in  the  transition 
series  are  limestone,  slate,  called  clayslate,  and  coarse  slate,  passing 
sometimes  into  sandstone,  and  conglomerate ;  this  has  been  called 
by  the  Germans  gran  wack^,  or  grey  wacke.    The  rocks  of  the  pri- 
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inaiy  ami  transiiioii  class  are  the  principal  reposiiories  of  metaUic 
ores,  but  in  Kurope  tbej  cootaiD  few  saline  or  inflammable  miner- 
als.* In  South  America,  according  to  Humboldt,  sulphur  and  bi- 
tumen exist  in  considerable  quantities  in  rocks  denominated  pri- 
mary. 

Rocks  of  the  transition  class  are  not  universaUy  interposed  be- 
tween the  primary  and  secondary  rocks,  for  in  some  sittiations  the 
transition  series  are  entirely  wanting.  Thus  in  passng  from  Lyons 
to  Clermont,  in  the  centre  of  France,  I  observed  the  r^ular  coal 
strata  resting  upon  beds  of  sand,  clay,  and  rounded  stones  which  im- 
mediately cover  granite. 

Secondary  Rock$. — ^The  lower  series  are  almost  aU  distincdy  stra- 
tified ;  they  ccnsist  chiefly  of  sand-stone,  soft  argiOaceous  slate  call- 
ed shale,  and  beds  of  coal  and  iron-stone.  Many  of  the  secondary 
strata  of  this  class  abound  exclusively  in  the  fossil  remains  of  veget- 
ables, analogous  to  ferns,  palms,  and  reeds ;  while  the  rocks  in  the 
former  or  transition  class,  contain  almost  exclusively  the  remains  of 
marine  animals.  This  change  in  the  nature  of  the  fossil  remains  in 
the  two  classes  of  rocks,  indicates  an  important  change  in  the  condi- 
tion of  the  globe,  prior  to  the  deposition  of  the  lower  series  of  sec- 
ondary strata.  The  transition  rocks  were  evidently  formed  under 
the  sea,  some  of  the  beds  being  composed  almost  entirely  of  the  ex- 
uviae of  madrepores  and  encrini,  but  the  terrestrial  plants  whose  re- 
mains abound  in  the  lower  secondary  strata,  roust  have  grown  on 
land,  from  which  the  ancient  ocean  had  retired,  and  the  strata  which 
contain  them  were  probably  deposited  at  the  bottom  of  rivers  or  fresh 
water  lakes,  as  marine  organic  remains  seldom,  if  ever,  occur  in 
them.  The  upper  series  of  secondary  strata  again  indicate  another 
important  change  of  the  surface  of  the  globe.  The  prevailing  beds 
in  this  iseries  are  stratified  limestone  with  beds  of  clay  shale  and  sand- 
stone interposed.  The  limestone  has  generally  an  earthy  texture, 
and  very  rarely  partakes  of  the  bard  and  crystalline  character  of  the 
lower  limestones.  The  fossil  remains  in  the  upper  secondary  strata 
are,  with  some  exceptions,  those  of  marine  animals,  but  of  diflTerent 
genera  or  species  from  those  in  the  strata  below  them.  It  is  in  the 
upper  secondary  strata  that  we  first  meet  with  renaains  of  saurian  or 
lizard-shaped  animals,  some  of  which  were  of  immense  size.  The 
co-existence  of  dry  land)  at  the  period  when  most  of  the  upper  sec- 
ondary strata  were  deposited,  is,  however,  proved,  by  the  occasion- 
al occurrence  of  terrestrial  fossil  plants,  and  the  bones  of  fresh-water 
and  amphibious  reptiles,  such  as  the  crocodile  and  tortoise. 

Anotbei*  important  fact  respecting  the  upper  series  of  secondary 
strata  is,  that  they  appear  to  have  been  formed,  not  only  under  dif- 
ferent circumstances  from  the  lower,  but  after  a  long  interval,  during 


*  Except  we  comprise  the  regular  coal  formation  in  the  transition  series. 
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wbicb  the  surface  of  the  globe  had  been  much  fractured  and  displa- 
ced ;  for  the  upper  series  do  not  lie  parallel  with  the  lower,  biit  they 
cover  the  edges  of  the  lower  strata  uocoDformably. 

To  make  this  better  understood,  suppose  a  number  of  books  to  be 
kid  regularly  upon  each  other,  and  the  lowest  volume  to  be  tilted  up 
so  as  to  give  an  inclined  position  to  the  whole,  if  we  then  take  other 
books  and  place  them  horizontally,  or  nearly  so,  on  the  upper  edges 
of  the  inclined  volumes,  we  may  then  form  a  distinct  idea  of  the  un- 
conibrmable  position  of  the  upper  series  of  secondary  strata  over  the 
k>wer  series.  This  position  is  represented  Plate  1 .  fig.  3.  ^  it  will 
be  more  fuUy  described  in  the  4th  chapter.*  The  last  of  the  upper 
secondary  strata  is  chalk,  a  rock  well  known  in  the  south  and  south- 
east parts  of  England,  though  entirely  wanting  in  the  north-west  and 
io  Scotland. 

Tertiary  Strata  comprise  all  the  regular  beds  that  have  been  de^ 
posited  subsequently  to  the  chalk  strata,  on  which  they  frequently  re« 
pose.  It  was  formerly  supposed  that  tertiary  strata  were  very  limit- 
ed in  extent,  and  were  confined  to  a  few  districts  in  Europe ;  recent 
observations,  however,  prove  that  strata  of  this  class  cover  consider- 
able portions  of  the  surface  in  various  countries,  though  there  are 
other  countries  in  which  they  are  entirely  wanting.  Tertiary  strata 
are  the  roost  recent  or  uppermost  of  all  tlie  regular  rock  formations. 
They  coosist  chiefly  of  clay,  marie,  limestone,  and  friable  sandstone : 
the  lower  series  of  these  strata  contain  numerous  marine  shells,  while 
some  of  the  middle  and  upper  strata  contain  shells  resembling  those 
found  in  our  present  rivers,  or  in  fresh  water  lakes.  The  most  re- 
markable fact  respecting  the  tertiary  strata  is,  that  some  of  them 
contain  numerous  bones  of  large  terrestrial  quadrupeds  of  the  class 
Mammalia,  the  greater  part  of  i^hich,  belong  to  genera  or  species 
which  no  longer  exist  upon  the  earth. 

VoUanic  and  Basaltic  Rocks  have  been  ekher  ejected  from  vol-' 
canoes,  or  poured  out  in  a  state  of  fusk>n  from  rents  and  ppenings  on 
the  earth^s  surface.  They  cover  in  an  irregular  manner  the  rocks 
of  the  preceding  classes.  In  some  situations  the  melted  mineral  mat- 
ter has  taken  a  columnar  form  in  cooling ;  in  other  situations  it  fills 
vast  fissures,  called  by  miners  dykes.  Basaltic  rocks  are  very  com- 
mon in  the  northern  part  of  our  island.  Volcanic  and  basaltic  rocks 
are  of  different  ages :  the  most  ancient  approach  in  their  nature  to 
rocks  of  the  primary  class,  and  appear  to  be  formed  chiefly  of  the 
same  mineral  substances,  more  or  less  softened  by  subterraneous  heat, 
a«d  protruded  (hrough  the  crust  of  the  globe. 


•  There  are  some  sitnalions  in  which  the  lower  strata  have  not  been  sabjected 
lo  any  ^reat  dislocalions  prioi  to  the  depasitkm  of  the  upper  strata  upon  them,  fof 
ibc  latter  occur  in  a  position  paralkl  with  that  of  the  lower  strata. 
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DUuvial  and  AlluiAah — Considerable  portions  of  the  surface  of 
the  ground  are,  in  many  countries,  covered  with  thick  beds  of  grav- 
el, sand,  or  clay,  and  fragnrients  of  rock  and  loose  stones,  more  or 
less  rounded  by  attrition.  In  some  situations,  these  have  evidently 
been  transported  from  a  vast  distance,  for  frequently  no  rock  similar 
to  the  fragments  occurs  within  a  hundred  miles  or  more  of  the  place 
where  they  are  deposited.  They  indicale  the  action  of  torrents  and 
inundations,  which  have  swept  over  the  face  of  our  present  conti- 
nents. The  French  have  given  to  these  depositions  the  name  of 
Hrreins  de  transport^  a  name  which  defines  them  precisely,  and  in- 
volves no  theory ;  for  it  comprises,  both,  deposits  formed,  sudden- 
ly, by  mighty  irruptions  of  the  ocean,  and  alluvial  deposits,  (orroen' 
oy  the  gradual  deposition  of  sediment  at  the  mouths  of  rivers  or  in 
lakes. 

The  classes  of  rocks  above  enumerated  have  their  appropriate 
mineral  productions,  and,  with  the  exception  of  rocks  of  the  first  and 
fifth  classes,  their  appropriate  organic  remains ;  and  it  would  be  as 
useless  to  search  for  regular  beds  of  common  coal  in  the  primary 
rocks,  as  it  would  be  to  search  for  metallic  veins,  or  statuary  marble, 
in  the  tertiary  strata. 

It  has  been  before  stated,  that  we  cannot  b6  absolutely  (Certain  that 
rocks  of  the  same  class  and  of  a  similar  kind  in  distant  countries  were 
fofn^ed  at'  the  same  time.  This  is  more  especially  the  case  with 
rocks' that  contain  no  organic  remains,  such  as  granite,  porphyiy,  and 
volcanic  rocks,  as  it  is  only  from  their  relative  position  that  we  can 
obtain  evidence  respecting  their  geological  antiquity.  Those  rocks 
which  generally  serve  as  the  foundation  for  the  other  classes  are  in« 
ferred  to  be  the  most  ancient.  Strata  in  the  same  class,  that  con- 
tain similar  species  of  organic  remains,  are  admitted  to  belong  to  the 
same  geological  epoch,  and  to  have  been  deposited  under  the  same 
condition  of  the  globe;  yet  admitting  that  certain  distant  strata  were 
of  coeval  formation,  it  may  be  proved,  that  portions  of  the  same  series 
of  strata  have  emerged  from  the  ocean  at  different  intervals  of  time, 
and  that  certain  pans  of  the  present  Continents  have  become  dry  land 
at  very  distant  and  remote  epochs.  The  period  when  rocks  or  strata 
were  first  deposited  has  no  necessary  connection  with  the  period  of 
their  elevation,  as  will  be  afterwards  more  fully  stated. 

I  shall  proceed  to  elucidate  the  situation  of  the  different  classes  of 
rocks  in  England,  by  a  reference  to  the  outline  map,  Plate  6. 

The  waving  line  a  a  a,  extending  from  the  south-west  of  Dorset- 
shire to  the  county  of  Durham,  forms  a  striking  geological  division  of 
England  :  all  the  land  on  the  east  of  this  line  is  composed  of  the  up- 
per secondary  and  tertiary  strata,  in  which  neither  metallic  veins  nor 
regular  beds  of  mineral  coal  are  found.  The  tertiary  strata  lie  over 
the  upper  secondary,  within  the  parts  bounded  by  the  letters  oooo. 
On  part  of  the  eastern  coast  of  Yorkshire  and  Lincolnshire,  there  is 
a  submarine  forest  about  seventeen  feet  under  the  present  highwater 
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level.  This  forest  appears  to  have  extended  eastward^  as  stumps  of 
trees  and  roots  may  be  seen  at  low-water  at  a  considerable  distance 
from  the  coast. 

West  of  the  line  a  a  a  there  is  an  important  change  in  the  mineral 
productipns ;  from  thence  to  the  iine  c  c  c  the  lower  secondary  stra- 
ta appear,  and  most  of  the  principal  coal  districts  in  England  occur 
between  the  lines  a  a  a  and  c  c  c.  it  is  remarkable,  that  few  if 
any  regular  metallic  veins  are  foumd  in  this  division.  The  lower 
secondary  s^trata  are  also  continued  west  of  the  line  c  c  c,  through 
the  midland  and  northern  countries,  but  rocks  of  the  transition  series 
occasionally  appear,  in  this  part  of  our  island.  A  very  extensive 
coal  district  occurs  in  that  part  of  South  Wales  bordering  the  Bristol 
Channel.  On  the  east  of  the  line  c  c  c  it  may  be  remarked,  that 
the  strata  generally  incline  or  dip  to  the  south-east;  west  of  this  line 
they  are  more  irregular,  and  dip  in  various  directions. 

West  of  the  part  composed  of  the  lower  secondary  strata,  and 
coloured  green,  we  meet  with  rocks  of  the  primary  and  transitioo 
classes,  in  which  metallic  ores  are  found ;  they  constitute  the  alpine 
parts  of  England,,  passing  through  Cornwall  .and  Devonshire,  into 
North  Wales,  and  the  north-west  parts  of  Yorkshire  and  Lancashire, 
and  through  Westmoreland  and  Cumberland,  into  Scotland.  This 
part  is  coloured  red ;  rocks  of  ihe  primary  class  occur  chiefly  in  the 
parts  distinguished  by  dark  lines. 

Near  the  center  of  England,  at  Charnil^ood  Forest  in  Leicester- 
shire, find  at  the  Malvern  Hills  in  Worcestershire  and  Herefordshire, 
the  primary  rocks  pierce  through  the  secondary  strata,  and  compose 
two  small  districts  of  primitive  country,  surrounded  by  secondary 
strata.  Also  in  the  counties  of  Derbyshire  and  in  the  West  Riding 
of  Yorkshire,  and  part  of  Cumberland  and  Westmoreland,  rocks  <^ 
transition  or  mountain  limestone  rise  to  a  considerable  elevation  from 
beneath  the  secondary  strata,  which  occur  east  and  west  of  them ; 
some  of  these  limestone  niountains  are  rich  in  metallic  ores.  Along 
the  line  e  e  beds  of  rock-salt  and  the  principal  springs  of  brine  are 
situated. 

It  must  be  kept  in  mind  when  observing  this  map,  that  the  tertiary 
strata  lie  upon  the  secondary,  and  the  secondary  upon  the  transition 
and  primary  rocks.  Now,  if  the  tertiary  and  secondary  strata  had 
both  extended  to  the  western  counties,  it  is  obvious  that  we  could 
have  bad  no  knowledge  of  the  existence  of  the  lower  series  but  by 
boring  or  sinking  through  the  upper  series ;  and  the  aggregate  thick- 
ness of  these  exceeds  the  power  of  the  miner  to  pierce  through. 
The  tertiary  strata,  however,  only  cover  a  part  of  the  secondary,  and 
the  secondary  do  not  cover  the  whole  of  the  lower  series ;  so  that  in 
travelling  westward,  we  come  immediately  upon  the  lower  strata  in 
succession,  as  they  rise  from  underneath  each  other;  for,  as  I  before 
observed,  the  general  inclination  or  dip  of  the  beds  is  towards  the 
south-east.    The  action  of  the  sea  upon  our  coasts  and  cliffi,  has  ex- 
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posed  to  view  the  succession  of  the  difiereat  rocks  and  strata  in  many 
parts  of  our  island,  and  has  enabled  us  to  obtain  a  correct  knowledge 
of  their  thickness  and  direction,  and  of  the  organic  remafns  pecu* 
liar  to  each  series. 

Before  concluding  the  present  chapter,  let  us  take  a  view  of  some 
of  the  more  striking  appearances,  which  afford  demonstrative  evi- 
dence, that  great  changes  have  taken  place  in  the  relative  level  of  the 
present  continents,  and  that  the  ocean  has,  in  former  ages,  rolled  its 
waves  Over  what  are  now  the  most  elevated  parts  of  the  earth.  Ma- 
ny proofs  of  this  exist  in  our  own  island,  and  in  various  parts  of  the 
world. 

The  calcareous  or  limestone  mountains  in  Derbyshire,  and  Craven 
in  Yorkshire,  rise  to  the  height  of  about  two  thousand  feet  above  the 
present  level  of  the  sea.  '  They  contain  through  their  whole  extent, 
fossil  remains  of  zoophytes  and  marine  animals,  but  more  abundant- 
ly in  some  parts  than  in  others.  Particular  species  occupy  almost 
exclusively  distinct  beds,  and  in  some  situations  the  whole  mass  ap- 
pears a  compact  congeries  of  mineralised  organic  remains.  Over 
these  vast  beds  of  ancient  limestone  occur  a  series  of  sandstone  stra- 
ta and  shale,  containing,  almost  exclusively,  remains  of  terrestrial 
vegetables  associated  with  beds  of  coal.  Above  this  series  we  meet 
with  other  calcareous  strata,  containing  remains  of  Gsh  and  enor- 
mous reptiles  of  the  saurian  or  lizard  tribe,  intermixed  with  numerous 
species  of  bivalve  and  univalve  shells,  but  of  different  genera  or 
species  from  those  living  in  the  present  seas.  Again,  in  the  upper- 
roost  or  tertiary  strata,  we  meet  with  bones  and  teeth  of  land  quad- 
rupeds of  the  class  Mammalia,  some  of  which  belong  to  unknown 
genera,' and  nearly  all  to  unknown  species.  Among  these  are  the  bones 
of  large  aninials  as  the  mastodon,  the  elephant,  the  rhinoceros,  the 
hippopotamus,  and  the  gigantic  tapir.  These  large  animal  remains 
occur  chiefly  in  beds  of  clay  or  gravel,  or  in  caves.  In  the  latter 
situation,  they  are  abundantly  mixed  with  bones  of  smaller  quadru- 
peds, of  which  the  species  no  longer  exist  in   England. 

The  calcareous  mountains  of  the  Juru,  and  the  outer  range  of  the 
Alps,  contain  beds  filled  with  tlie  remains  of  marine  animals,  many 
of  which  I  have  examined,  and  found  to  be  similar  to  those  in  the 
secondary  strata  in  England.  In  the  Alps  they  occur  at  the  height 
of  from  six  to  eight  thousand  feet.  Similar  phenomena  are  obser- 
ved in  the  calcareous  mountains  of  the  Pyrenees ;  and  according 
to  Humboldt,  organic  remains  occur  in  the  Andes,  at  the  height  of 
fourteen  thousand  feet.  The  distinct  characters  of  the  animals  found 
in  the  upper  and  lower  beds  in  these  mountains,  as  well  as  in  those 
of  our  own  country,  prove  that  they  were  not  brought  into  their 
present  situation  by  any  sudden  inundations,  which  would  have  mix- 
ed different  orders  of  animals  together.  The  beds  which  contain, 
exclusively,  the  remains  of  animals  of  the  same  species  must  have 
remained,  for  ages,  under  the  ocean  ;  fur  these  animal  remains  often 
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compose  nearly  the  whole  substance  of  a  bed  of  limeslone  of  great 
ihickness,  as  is  the  case  with  the  beds  of  eocrinal  limestone  in  Der- 
byshire, and  the  limestone  called  coral-ragg  at  Steeple  Asbton. 

The  fossil  remains  of  animals  not  now  in  existence,  entombed 
and  preserved  in  solid  rocks,  preseat  us  with  durable  moauments  of 
the  great  revolutions  which  our  plane  thas  undergone  in  former  ages* 
We  are  carried  back  to  a  period  when  the  waters  of  the  oceaa  cov* 
ered  the  summits  of  our  highest  mountains,  and  are  irresistibly  com- 
pelled to  admit  oue  of  two  conclusions,— either  tliat  the  sea  has  re- 
tired and  sunk  far  below  its  former  level,  or  that  some  power,  ope- 
rating from  beneath,  has  lifted  up  the  islands  and  continents,  with 
their  hills  and  mountains,  from  the  watery  abyss,  to  their  present 
elevation  above  its  surface. 

These  organic  remains  present  also  undeniable  proofs  of  another 
fact  equally  interesting.  Every,  regular  stratum  in  which  they  are 
disseminated  was,  once,  the  uppermost  rock,  however  deep  it  may 
be  below  the  present  surface,  or  with  whatever  rocks  it  may  now  be 
covered.  This  inference  is  not  the  les9  conclusive,  whether  we  sup- 
pose that  the  animals  lived  and  died  where  their  remains  occur,  or 
whether  they  were  aggregated  and  carried  by  marine  currents  into 
their  present  situation.  Hence  we  learn,  that  the  secondary  strata 
were  formed  in  succession  over  each  other,  and  thus  these  fossil  re- 
mains preserve  the  records  of  the  ancient  condition  of  our  planet, 
and  the  natural  history  of  its.  earliest  inhabitants.  The  unknown 
causes  by  which  zoophytes  and  different  genera  and  species  of  testa- 
ceous animals,  of  reptiles,  vegetables,  and  roammiferous  quadrupeds 
were  buried  in  difierent  strata,  have  operated  in  succession  at  distant 
intervals  of  time ;  we  do  not  6nd  the  remains  of  different  classes 
confusedly  intermixed  together,  except  in  beds  of  clay  or  gravel, 
near  the  surface,  or  in  fragments  of  various  rocks  which  have  been 
broken  down  and  subsequently  united.  Bones  of  vertebrated  animals, 
or  such  as  had  a  brain  and  spinal  marrow,  haye  never  been  found  in 
tlie  lower  strata,  except  of  a  few  species  of  6sh ;  nor  have  the  bones 
of  large  mammiferous  quadrupeds  ever  been  discovered,  below  the 
chalk.  Hence  we  acquire  a  perfect  certainty,  that  the  difi^rent  beds 
which  form  the  crust  of  our  planet  were  deposited  in  distant  epochs, 
and  under  difierent  conditions  of  the  globe.  The  animal  remains  in 
some  of  the  strata  are  so  delicate,  and  so  regularly  deposited,  that 
we  can  have  little  doubt  that  the  animals  lived  and  died  tranquilly 
where  their  remains  are  now  found  :  in  other  strata,  the  remains  are 
dispersed  and  broken,  and  the  animals  appear  to  have  perished  by 
some  sudden  convulsion. 

If  the  bones  of  man,  or  of  mammiferous  quadrupeds,  resembling 
existing  species,  have  been  found  casually  with  fossil  remains  peculiar 
to  the  lower  or  more  ancient  strata,  I  believe  a  careful  examination 
of  all  the  circumstances,  would  generally  explain  the  apparent  anom- 
aly.   I  shall  state  a  remarkable  fact  of  this  kind,  which  came  to  my 
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knowledge  wben  engaged  in  a  mineralogical  examination  lor  the 
Earl  of  Motra,  in  the  vicinity  of  Ashby-de-la^Zoucb,  in  Leicester* 
shire :  it  wiU  evmce  how  cautious  we  ought  to  be  in' drawing  general 
conclusions  in  geolog}',  from  single  facts.  A  thick  bed  of  coal  be* 
longing  to  his  lordship,  at  a  place  called  Asbby  Wolds,  is  worked  at 
the  depth  of  two  hundred  and  twenty-Gve  yards ;  it  is  covered  with 
various  strata  of  iron-stone,  coal,  and  solid  sandstone.  On  an  estate 
adjoining  to  his  lordship's  manor,  in  the  same  b6d  of  coal  (which  is 
Dtnety-seven  yards  below  the  surface),  the  entire  skeleton  of  a  man 
was  found  imbedded.  No  appearance  existed  of  any  former  sinking 
for  coal ;  but  the  proprietor  ordered  passages  to  be  cut  in  different 
directions,  until  the  indication  of  a  former  pit  was  discovered,  though 
the  coal  had  not  been  worked.  Into  this  pit  the  body  must  hare 
fallen,  and  been  pressed  and  consolidated  in  the  loose  coal  by  an  in- 
cumbent column  of  water,  previously  to  the  falling*  in  of  the  sides  of 
thepit. 

The  imperfect  skeleton  of  a  woman,  imbedded  in  a  kind  of  cal- 
careous safidstone,  brought  from  Guadaloupe, '  and  exhibited  in  the 
British  Museum,  may  appear  to  invalidate  what  was  asserted  in  the 
first  edition  of  this  work,  that  no  instances  have  been  known  of  hu- 
man bones  being  found  iq  regular  stratified  rocks,  nor  even  in  undis- 
turbed alluvial  ground^  where  the  remains  of  extinct  species  of  quad- 
rupeds are  not  unfrequently  met  with.*  Due  attention  to  all  the  cir- 
cumstances, will  reconcile  that  assertion  with  the  present  fact.  The 
skeleton  from  Guadaloupe  is  described  as  having  been  found  on  the 
shore,  below  the  high-water  mark,  among  calcareous  rocks  formed  of 
matdrepores,  and  not  far  from  the  volcano  called  the  Souffriere.  The 
bones  are  not  petrified,  but  preserve  the  usual  constituents  of  fresh 
bone,  and  were  rather  soft  when  first  exposed  to  the  air^  Speci- 
mens of  the  stone  which  I  have  in  my  possession,  that  were  chipped 
from  the  same  block,  present,  when  examined  with  a  lens,  the  ap- 
pearance of  smooth  grains,  consisting  of  rounded  fragments  of  shells 
and  coral,  aggregated  and  united  without  any  visible  cement. 

We  have  an  example  of  9  similar  formation  of  calcareous  sand- 
stone on  the  north  coast  of  Cornwall,  composed  entirely  of  minute 


*  Since  the  poblication  of  the  first  and  second  editions  oDhis  work,  I  have  seen, 
in  the  possession  of  a  gentleman  at  Plymouth,  one  of  two  human  skulls  that  werk 
found  m  digging  a  stream  work,  forty  or  &iiy  feet  below  the  level  of  the  river  at 
Carnon  in  Cornwall.  Nuts,  and  the  horns  of  some  animal  allied  to  the  stag,  were 
discovered  in  Ihe  same  situation. — In  a  note  which  1  made  at  the  time,  (1816,)  it 
is  stated,  that  the  forehead  was  remarkably  low  and  narrow,  and  the  part  of  the 
skull  which  contained  the  cerebellum  unusually  prominent.  That  these  skulls 
were  ancient  there  can  be  little  doubt,  but  there  are  no  suflicient  data  to  enable  us 
to  approximate  to  the  period  of  their  deposition. 

The  bone  was  not  mineralised,  though  very  bard.  The  absence  or  extreme 
rarity  of  human  bones  in  these  beds  of  gravel  and  clay,  or  in  caves  that  contain 
the  remains  of  large  land  quadrupeds,  is  far  more  extraordinary  than  their  non- 
occurrence in  the  regular  strata  that  cover  our  present  continents. 
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irtgments  of  sb«Ils.  In  the  Arundel  papers,  there  .is  mention  of  an 
ioandatioD  of  sand,  in  the  twelfth  century  which  covered  a  great  part 
of  the  coast  near  St.  Ives :  it  is  also  known  by  oral  tradition,  that 
whole  farms  have  been  overwhelmed  at  a  period  not  very  remote ; 
and  at  this  very  day,  upon  the  shifting  of  the  sands  by  high  winds, 
the  tops  of  bouses  may  occasionally  oe  seen.  In  several  parts  of 
(he  coast,  this  sand  is  seen  passing  into  the  state  of  compact  rock, 
very  difficult  to  break ;  and  it  is  even  used  for  building-stone.  En-> 
tire  shells  of  land  snails  and  fragments  of  slate  occasionally  occur  in 
It.*  When  I  was  in  the  county  I  examined  numerous  specimens  of 
the  rock  with  a  lens,  and  compared  them  with  a  specimen  of  the 
Gaudaloupe  sandstone  that  I  had  with  me,  and  they  appeared  close- 
ly to  resemble  each  other.  Dr.  Paris,  in  an  interesting  paper  read 
to  the  Geok>gical  Society  of  Cornwall,  ascribes  the  consolidation  of 
the  sandstone  to  the  infiltradon  of  water  containing  iron,  from  the  de- 
composing slate-rocks  in  the  vicinity.  Instances  of  the  consolida- 
lion  of  beds  of  loose  sand  are  -common  on  the  coast  of  Sicily.  It 
cannot  therefore  excite  surprise,  that  in  a  volcanic  island  like  Guad- 
aloupe,  subject  to  violent  convulsions  from  earthquakes,  inundations, 
and  impetuous  hurricanes,  human  bodies  should  occasionally  be  dis- 
covered, that  have  been  enveloped  in  driving  sands,  which  have  be- 
come subsequently  indurated.  The  siti^ation  of  this  skeleton  near 
the  sea-shore,  the  state  of,  the  bones,  and  the  nature  of  the  stone  in 
which  they  are  imbedded,  take  away  the  probability  of  their  high 
antiquity. 

In  tbe  iDSthuies  of  Mean,  which  according  to  Sir  William  Jones 
are  nearly  as  ancient  as  the  writings  of  Moses,  the  account  of  the 
six  days  of  creation  so  closely  resembles  (Irat  given  in  Genesis,f  that 
it  is  scarcely  possible  to  doubt  its  being  derived  from  the  same  pa- 
triarchal communication.  There  is,  however,  a  particular  definition 
given  of  the  word  day  as  applied  to  the  creation,  and  it  is  expressly 
stated  to  be  a  period  of  several  thousand  years.  If  this  interpreta- 
tion be  admitted,  it  will  remove  tbe  difficulty  that  some  have  felt  in 
reconciling  the  epochs  of  creation  with  the  six  days  mentioned  by 
Moses.  The  six  days  in  which  Creative  Energy  renovated  the  globe 
and  called  into  existence  different  classes  of  animals,  will  imply  six 
successive  epochs  of  indefinite  duration.  The  absence  of  human 
bones  in  stratified  rocks  or  in  undisturbed  beds  of  gravel  or  clay,  in- 
dicates that  man,  the  most  perfect  of  terrestrial  beings,  was  not  crea- 


*  See  Guide  to  Mount's  Bay  and  the  Land's  End. 

t  The  discoveries  in  astronomy  which  proved  the  diurnal  and  annual  motions 
of  tbe  earth,  were  for  some  time  warmly  opposed  as  being  at  variance  ^ilh  the 
moiion  of  the  sun  and  moon,  and  the  motionless  stability  of  the  earth  which  the 
sacred  writings  describe.  We  shoqld  not,  however,  admire  the  judgment  of  the 
writer,  who  in  the  present  day  should  \tub\ish  &  scriptural  astronomy^  in  opposi- 
:toD  to  the  Copemican  system.  The  sacred  writers  describe  natural  objects  as 
ihey  appear  to  tbe  senses,  and  do  not  teach  systems  of  philosophy. 
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ted  till  after  those  great  revolutions  wbic^  buried  many  diffisrent  or- 
ders and  entire  genera  of  animals  deep  under  the  present  siurfaee  of 
the  earth.  That  man  is  the  latest  tenant  of  the  globe,  is  confirmed 
by  the  oldest  records  or  traditions  that  exist  of  the  origin  of  the  hu- 
man race. 

The  great  convulsions  which  have,  at  distant  periods,  changed  the 
ancient  surface  of  the  globe,  ^nd  reduced  it  from  a  chaotic  to  its 
present  habitable  state,  were  not,  it  is  reasonable  to  believe,  efiected 
by  the  blind  fury  of  tumultuous  and  conflicting  elements,  but  were 
the  resuh  of  determined  laws,  directed  by  the  same  wisdom  which 
regulates  every  part  of  the  external  universe.  Compared  with  the 
ephemeral  existence  of  man  on  the  earth,  the  epochs  of  these  chang- 
es may  appear  of  almost  inconceivable  duration ;  but  we  are  express- 
ly told,  "  that  with  the  Creator  a  thousand  years  are  as  one  day,,  and 
one  day  as  a  thousand  years." 
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ON  FBTRIPACTIONSy   OR  FOSSIL,  ANIMAL,   AND  TEGETABLE  REMIINK 

•  > 

Opinions  of  early  Naturalists  lespecting  Petrifactions. — On  the  Process  celled 
Petrifaction. — ^Experiment  of  Dr.  Jenner  on  the  Petrifaction  of  recent  Bones.-- 
Living  Reptiles  occasioiuilly  found  in  solid  Stone. — Remarkable  Difference  in 
the  Condition  of  Fossil  Remains  in  adjacent  Strata ;  Instance  of  this  at  West- 
bory  Cliff,  Gloacestershire. — The  four  grand  Divisions  of  the  Animal  Kinf- 
dom. — Distribntion  of  the  Remains  of  certain  Classes  and  Orders  of  Animals  m 
each  Division  through  the  difierent  Rock  Formations.-^Fes8il  Elephant. proved 
to  have  been  an  Inhabitant  of  cold  Climates. — Remains  of  Monkeys  hitherto 
undiscovered  in  a  Fossil  State.— On  Vegetable  Petrifactions  in  the  Transition^ 
Secondary,  and  Tertiary  Strata,  supposed  to  prove  the  former  high  Tempera- 
ture of  the  Globe  in  Northern  Latitudes.— Obsservations  on  Fossil  Organic  Re- 
mains, as  serVing  to  identify  Strata  in  distant  Countries. 

Ir  it  bad  been  predicted  a  century  ago,  that  a  volinne  wonki  be 
discovered,  containing  the  natural  history  of  the  earliest  inhabitants 
of  the  globe,  who  flourished  and  perished  before  the  creation  of  man, 
witb  distinct  impressions  of  (he  forms  of  genera  of  animals  no  longer 
existing  on  the  earth,— «what  curiosity  would  have  beei>  excited  to 
see  this  wonderful  volume ;  how  anxiously  would  Philosophers  have 
watted  for  the  discovery !  But  this  volume  is  now  discovered ;  it  is 
the  Volume  of  Nature,  rich  with  the  spoils  of  primeval  ages,  unfold*- 
ed  to  the  view  of  the  attentive  observer,  in  the -strata  that  eohipose 
the  crust  of  the  globe.  The  numerous  and  varied  forms  of  organic 
beiDgs,  wfaose  remams  are  there  distinctly  preserved,  sometimes  dif- 
fer so  much  in  structure  from  any  known  genera  of  animals,  that  we 
can  scarcely  hazard  any  probable  conjectures  respecting  their  modes 
of  existence.  Nor  do  we  discover  merely  *the  forms  otunlcnowa  ao* 
imals  in  the  different  strata,  we  also  learn  the  order  of  succession  in 
which  they  first  appeared  on  the  globe. 

It  is*  only  within  a  comparatively  short  period,  that  these  fossil  or« 
ganic  remains  have  engaged  the  attention  of  naturalists.  It  is  true 
that  in  remote  tinaes,  the  occasional  discovery  of  shells  and  bones  of 
large  animals  imbedded  in  rdcks,  did  not  escape  the  attention  of  phi<^ 
loaophers ;  but,  the  shells  were  supposed  to  belong  to  species  now 
living,  and  .the  bones  to  a  gigantic  race  of  men,  that  perished  during 
some  great  inundation,  or  bad  been  buried  by  earthquakes.  Other 
hypotheses,  equally  remote  from  truth,  serve  to  show  bow  little  at- 
tention had  been  bestowed  on  this  department  of  Natural  History. 
The  celebrated  botanist,  Tournefort,  from  the  regularity  of  form  in 
many  fossil  remains,  was  induced  to  believe  that-  they  were  stones 
that  grew  and  vegetated  from  seeds.  "  How  could  the  Comu  Am* 
moniif^  he  observes,  *'  which  is  consiandy  in  the  figure  of  a  volute, 
be  formed  without  a  seed  containing  the  same  structure  in  the  small, 
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as  in  the  larger  forms  ?   Who  moulded  it  so  artfuQy,  and  where  are 
the  moulds  ?" 

As  Fossil  organic  remains,  particularly  shells  and  zoophytes,  are 
found,  many  hundred  and  even  thousand  feet  below  the  present  sur- 
face of  the  eartb,  the  first  enquiry  that  naturally  suggests  itself  is, 
how  did  they  come  tbere?  It  is  impossible  that  the  animals  whien 
living,  or  their  exuviae  wl)en  dead,  could  pass  through  such  vast 
depths  of  solid  rock.  A  few  of  them  might  (all  into  vertical  fissures, 
and  remain  there,^  but  they  could  never  in  this  way  enter  into  stra- 
ta composed  almost  entirely  of  organie  remains.  Beside,  the  strata 
now  deep  under  the  dry  ground  are  filled  chiefly  with  the  remains  of 
marine  animals ;  nor  do  we  generally  find  these  animal  remains  con- 
fusedly aggregated ;  different  genera  or  species  occupy  particular 
strata,  or  are  associated  witb.cejrtain  genera  or  species  of  the  same 
class,  and  never  with  others.  It  is  therefore  evident  that  they  were 
not  brought  into  their  present  situations  by  vast  inundations,  and  bu- 
ried under  the  earthy  matter  which  a  subsequent  inundation  cast  over 
them.  ,  Neither  could  zoophytes,  fish^  or  large  reptiles,  or  the  in- 
habitants of  bivalve  or  univalve  shells,  have  lived .  and  floprished  in 
the  ilnidst  of  solid,  stone.  We  are  therefore  led  to  the  conclusion, 
that  each  stratum  which  contains  these  organic  remains  was  once  the 
uppermost  covering  of  the  globe,  and  that  the  aniinats,  for  the  most 
part,  lived  and  died  near  where  their  bonQs  or  shells  are  now  found, 
ai)d  were  covered  by  successive  depositions  of  strata,  on  which  fgl- 
lowing  races  of  living  beings  flourished,  and  in  like  manner  left  their 
remains. 


*  Instances  of  reptiles  found  living  in  the  midst  of  solid  stone  sometimes  ocenr. 
At  the  colliery  on  Rothwell  Haigh  near  Leeds^  a  living  lizard  oc  newt  was  found 
in  a  bed  of  coal  at  the  depth  of  180  yards  from  the  surface.  I  saw  it  in  the  year 
1819  soon  after  its  discovery ;  it  was  preserved  in  spirits,  and  was  about  fiVe  inches 
in  length. '  I  could  not  perceive  thatrit  differed  from  the  livinar  species*  The  anir 
mal  had  probablv  crept  into  the  mine  along  one  of  the  levels  that  diain  off  the 
water,  or  down  the  sides  of  the  shaft.  The  specimen  is  now  in  the  possession  of 
the  Rev.  A.  Sharp,  Vicar  of  Wakefield.  In  all  instances  where  toatfe  have  been 
found  in  solid  stone,  it  is  reasonable  to  believe  that  -they  entered  through  fissures 
that  have  been  subsequently  closed.  That  these  animals  will  live  without  food 
for  a  great  number  of  years,  is  proved  by  the  following  circumstance. 

The  late  Sir  Thomas  Bladfet,' of  Britton  Hall  in  Yorkshire,  had  one  cellar 
which  was  opened  only  once  a  year,  as  it  contained  some  particularly  choice  wine 
which  was  never  brought  to  table  but  on  the  annual  celebration  of  ^is  birthday, 
which  was  on  the  2Ist  of  December,  or  St.  Thomas's  day.  The  butler,  when 
taking  out  the  wine,  observed  a  small  toad  crawling  slong  the  stone  floor.  He 
placed  the  toad  under  a  wine  bottle,  and  thought  no  more  of  it  till  he  went  into  the 
cellar  the  following  year,  when,  on  removing  the  bottle,  he  was  much  surprised  to 
see  the  toad  hnmediately  leap.  This  circumstance  he  mentioned  to  Sir  Thomas, 
who  descended  with  his  visiters  into  the  cellar  to  look  at  the  toad,  after  which  the 
bottle  was  replaced,  and  the  pour  animal  was  kept  a  close  prisoner  till  the  sue- 
eeieding  year,  wherr  he  was  again  uncovered,  and  fbund  aflve  as  before.  The 
tame  annua>  experiment  was  continued  for  more  than  twenty-five  years,  when 
Ihe  wine  was  exhausted,  the  cellar  cleared,  and.  the  toad,  who  was  still  living,  was 
thrown  out  of  doors.  Having  heard  of  this  circumstance,  from  a  person  who 
had  lived  in  the  family  pert  of  the  time,  I  questioned  the  old  butler  respecting  k^ 
sod  be  folly  confirm^  the  truth,  of  the  story. 
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Animal  or  regetable  substances  found  imbedded  in  rocks,  are 
Biore  or  less  impregnated  with  mineral  matter,  and  hence  have  been 
called  petrifactions.  The  process  of  petrifaction  consists  in  the  in- 
filtration of  mineral  matter  into  the  pores  of  bone  or  vegetables.  In 
some  instances,  the  animal  or  Vegetable  matter  has  been  almost  en- 
tirety dissolved  or  removed,  and  the  mineral  roatler  so  gradually  sub- 
stituted, as  to  assume  the  perfect  form  of  the  intemlil  structure  either 
of  the  plant  or  animal. 

The  process  of  petrifaction  may  be  more  rapidly  efiected  than  has 
generally  been  supposed.  In  the  year  1817,  I  paid  a  visit  to  the 
celebrated  Dr.  Jenner,  at  Berkley,  who  informed  me  that  be  had 
made  several  experiments  upon  recent  bones,  by  burying  them  in  the 
dark  mud  from  the  lias  clay  :  in  less  than  twelve  months,  the  bones 
became  black  throughout,  and  when  dry,  they  were,  harder,  heavier 
and  niore  brittle  than  recent  bone,  and  the  surface  was  shining.  The 
specimens  which  he  showed  me,  presented  the  same  appearance  as 
the  fossil  bones  in  the  lias  clay.  Theefiect  was  probably  produced 
so  speedily  by  the  presence  of  the  sulphate  of  iron,  and  other  saline 
ingredients  with  which  that  stratum  abounds.  As  this  stratum  is  the 
most  remarkable  of  all  the  secbndary  series,  for  the  large  animal  re- 
mains which  it  contains,  particularly  of  the  saurian  or  lizard  order, 
and  as  the  bones  are  frequently  covered  with  crystals  or  incrustatidns 
of  pyrites,  I  will  venture  to  hazard  a  conjecture  respecting  the  man- 
ner in  which  these  crj^als,  or  incrustations  of  pyritbs,  or  sulphuret 
of  iron,  are  formed.  The  stratum  before  mentioned,  contains  much 
sulphate  of  iron  or  green  copperas  in  solution.  I  suppose  that  the 
carbon  in  the  animal  matter  had  decomposed  the  sulphuric  a^id  and 
the  oxide  of  iron,  and  that  the  sulphur  andiron,  in  their  nascent 
state,  bad  united,  and  formed  the  sulphuret  of  iron  or  pyrites.  I 
was  led  to  this  conclusion  by  reading  an  account  by  Afr.  P^pys,  of 
some  mice  having  by  accident  been  immersed  in  a  jar  containing  a 
solution  of  sulphate  of  iron :  liow  long  they  had  lain  there  was  un- 
known, but  the  remains  were  partly  covered  with  small  crystals  of 
pyrites,  which  could  have  been  formed  only  in  the  manner  above  sug- 
gested. The  stone  surrounding  the  organic  remains  in  the  lias,  I 
have  observed  to  be  considerably  harder  than  the  other  parts  of  the 
same  stratum.  The  organic  remains  of  zoophytes  ^nd  shells  in  lime- 
stone strata  are  also  generally  harder  than  the  stone  in  which  they  are 
imbedded ;  and  on  this  accoiint  when  the  stone  has  been  exposed 
to  the  atmosphere  a  long  time,  the  organic  remains  rise  above  the 
surface.  • 

Organic  remains  are  generally  coloured  by  the  strata  in'  which 
they  are  imbedded ;  in  roe-stone,  chalk,  and  the  upper  iresh-water 
fimestones,  they  approach  to  a  yellowish  or  brownish  white :  in  lias 
bituminous  shale,  and  dark  limestone,  they  inclme  to  black ;  and  the 
shells  in  bituminous  shale  are  sometimes  filled  with  bitumen  in  a  fluid 
state.    In  the  strata  above  chalk,  the  bones  and  shells  retain  their 
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original  constituent  parts ;  v«iy  little  changed ;  in  chalk,  and  all  the 
strata  under  bhalk,  the  orga^nic remains  are,  more  or  less  completely, 
impregnated  with  mioeral  matter.  The  outer  crust  or  shell  of  many 
iihalk  fossils  is  calcareous,  and  the  internal  part  filled  vviiH  flint.  '  In 
some  cases  we  meat  with  an  internal  cast  formed  in  tlie  cavity  yf  a 
crustaceous  animal,  and  the  external  covering  has  disappeared :  in 
other  instances,  the  shell  or  crust  of  the  animal  has  formed  a  mould 
in  the  stone,  into  which  mineral  matter  has  been  subsequently  infiher- 
ed,  and  has  thus  made  an  external  cast. 

It  is  particularly  deserving  of  attention,  that  some  animal  remain^ 
contain  the  most  delicate  fibres  and  spines,  perfect  and  unbroken : 
this  proves  that  the  mineral  matter  in  which  they  are  imbedded  was 
deposited  in  a  ,finely  comminuted  sta^te,  and  in  a  tranquil  sea.  In 
some  instances  the  most  delicate  shelU  are  regularly  arranged  in  the 
same  position  in  which  the  animals  lived  and  died,  while  the  animal 
remains  in  the  strata  above  or  belowthem,  are  broken  and  confusedly 
aggregated  together..  The  most  remarkable  instance  of  this  kind 
1  have  ever  observed,  occurs  at  Westbury  Cliff,  on  the  northern  bank 
of  the  river  Severn,  about  seven  miles  below  Gloucester.  It  is  a  low 
clifl!^  nearly  perpendicular ;  the  lower  part  is  composed  of  what  is 
generally  ci^lled  red  marie,  over  which  are  the  lower  b^ds  of  dark 
argillaceous  limestone  and  clay,  called  lias.  A  few  yards  above  the 
Jundion  of  the  lias  and  red  marie,  there  is  a  thin  stratum  of  dark 
micaceous  sandstone,  entirely  filled  with  bones,  and  the  teeth  of  the 
abark,  and  animals  of  the  saurian  or  lizard  tribe,  broken  and  intermix* 
ed  in  (he  greatest  imaginable  disorder.  Near  the  upper  part  of  the 
clifi^  not  many  feet  above  the  stratum  filled  with  bones,  there  is  a  thin 
stratum  of  whitish  argillaceous  limestone,  called  white  lias,  which  is 
filled  with  the  most^  delicate  minute  bivalve  shells  all  arranged  in  the 
fame  position,  without  any  intermixture  with  shells  of  other  species. 

Facts  like  these  are  particularly  deserving  of  the  attention  of  the 
geologist,  as  they  mark  in  a  striking  manner  the  convulsions  which 
ihe  aiirface  of  the  globe  has,  underg6ne,  at  difierent  periods. 

The ,  stratum  wiili  aggregated  bones  of  saurian  /animals  appears 
again,  on  the  other  side  of  the  Severn,  at  Aust  Passage,  where  also 
the  Junction  of  the  lias  and  red  ground  may  be  observed  \  but  I  could 
not  discover  there,  any  trace  of  the  white  lias  bed  with  the  bivalves, 
aimilar  to  those  at  Westbury  Clifl!'. 

Soma  of  the  more  delicately  constructed  animals  and  the  fish 
whpse  bodies  are  found  entire,  imbedded  in  stone,  appear  to  have 
been  instantaneously  destroyed  and  enveloped  in  miperal  matter,' be-   * 
fore  the  putrefactive  process  could  commence.^    The  process  of 
■' ■■    ■  ■     ■       ■  — ■  ■  ■    I  I  ^    ...-  ,,     ■■■  ■         ■ .- ,.     . 

•  In  the  Museum  at  the  Jardin  de  PlanUs  in  Parts,  there  is  a  large  specimen 
of  two  foffsi)  isb,  whicli  nxn  »uppo$ed  to  have  been  destroyed  and  covered  with 
mineral  matter,  when  one  of  them  was  i|i  the^  vtry  act  of  swallowing  the  other ; 
bat  an  inspection  of  the  specimen  inclined  me  to  infer,  that  the  two  heads  had 
\fnm  prt8a«d  together^  b^  the  incumbent  weight  of  sloae  depotitod  upon  them. 
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petrifaction  most  abo,  in  some  instanoes,'  have  commenced  almost 
immediately^after  the  death  of  the  animal.  In  some  specimens  of 
bsBiI  fish  from  chalk,  in  the  museum  of  Mr.  Maniell  of  Lewes,  the 
ur-bladder  is  uncompressed,  and  filled  with  mineral  matter. 

In  tracing  the  different  animal  remams  that  occur  in  the  lower,  the 
middto,  and  the  upper  strata,  the  circumstance  most  worthy  of  notice, 
is  the  first  appearance  of  any  of  the  different  divisions  and  classes 
of  animals,  and  of  the  orders,  genera,  or  species  belonging  to  each 
division.  In  the  luminous  arrangement  of  Baron  Cuvier,  in  his 
fiegne  jfliisma/,  all  animals  are  distributed,  according  to  their  organ- 
ization, into  four  grand  divisions — Vertebrated^  MoUumcousj  Ariicu- 
laied,  and  Radiated. 

1st,  VisrtebrcUed. — Animals  which  have  a  skull,  containing  the 
brain,  and  a  spine  or  back  bone,  containing  the  principal  trunk  of  the 
nervous  ^stero,  commonly  called  the  spinal  marrow :  they  have' red 
blood.  Thi^  division  comprises  the  mammalia  (or  animals  that  suckk) 
their  young),  birds,  reptiles,  and  fishes. . 

2d,  MoUuseouM. — Animals  in  this  division  have  no  internal  skele«> 
ton :  the  muscles  are  attached  to  the  skin,  which,  in  many  species,  is 
covered  with  a  shell.  The  nervous  system  and  viscera  are  compo* 
sed  of  detached  masses,  united  by  nervous  filaments :  they  possess 
only  the  senses  of  feeling,  taste,  and  sight ;  but  many  species  want 
the  latter.  They  have  a  complete  system  of  circulation,  and  paj'lic- 
ular  organs  for  respiration.  Animals  with  biva^e,  univalve,  or  with 
chambered  shells,  belong  to  this  division ;  but  many  molluscous 
animalj  have  no  shell. 

3d,  Articulated. — ^To  this  division  belong  worms,  crustaceous-  an* 
imals,  and  insects :  their  nervous  system  consists  of  twinr  long  chords, 
ranging  along  the  body,  and  swelling  out  in  different  parts  into  gang- 
lioasand  knots.  Worms  having  their  bodies  composed  of  rings,  are 
called  annelides ;  they  have  r^d  blood:  some  species  inhabit  a  eal-^ 
careous  tube,  supposed  to  be  formed  by  exudation. 

4ih,  Radiated — comprises  all  the  animals  which  were  by  former 
naturalists  called  zoophytes,  or  animal  plants,  as  the  corallines,  ££c. 
which  were  long  mistaken  for  marine  vegetables.  In  animals  of  this 
division,  the-  organs  of  serlse  and  ^motion  are  disposed  circularly 
around  a  centre  or  axis.  They  have  no  distinctly  marked  nervous 
system,  and  the  traces  of  circulation  in  many  species  can  scarcely  be 
discerned.  Many  of  the  animals  in  this  division  have  no  power  of 
locomotion,  as  madrepores  and  encrinites.  Others,  as  the  echinus, 
possess  a  very  complex  organization,  and  the  power  of  moving  from 
place  to  place  on  their  spines,  wliich  serve  them  for  feet. 

Li  describing  the  order  in  ^vhich  the  organic  remains  belonging 
to  each  of  these  grand  divisions  are  distributed  through  the  different 
classes  of  rocks,  it  will  be  more  conveniept  to  begin  with  the  lowest. 

Radiated  Atiimaky  such  as  encrini  and  madrepores,  have  left  their 
retnaias  diqiersed  abundantly  through  rocks  of  the  transition  series : 
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many  of  the  strata  appear  to  be  composed  almost  entirely  of  their 
mineralised  exuvi^,  but  generally  in  a  broken  state..  The  chain  co- 
ral occurs  occasionaUy  in  transition  limestone.  Other  genera  of  ra-  . 
diated  animals  occur  in  the  more  recent  formations  of  limestone,  but 
seldom  in  sufficient  abundance  to  compose  nearly  the  whole  mass  of 
a  stratum.  This  is  the  more  remarkable,  as  coralline  animals  are 
forming  extensive  calcareous  rocks  in  our  present  seas.  Some  gen- 
era and  species  of  radiated  animals  which  abound  in  transition  rocks, 
have  not  left  their  remains  in  any  of  the  upper  strata ;  hence  it  might 
be  inferred  that  they  had  long  been  extinct.  In  son^e  instances,  the 
inference  is  not  correct ;  the  Madrepora  stylina^  so  common  in  tran- 
sition lime-stone,  is  entirely  wanting  in  the  secondary  and  tertiary 
strata ;  but  a  living  animal  of  this  species  has  been  recently  discover- 
ed in  the  South  Seas.  The  pentacrinus,  which  is  distinguished  from 
the  encrinus  chiefly  by  its  pentagonal  stem  and  branches,  makes  its 
first  distinct  appearance  in  the  lias,  but  is  not  frequently^met  with  in 
the  upper  strata,  and  disappears  entirely  in  the  uppermost,  forma- 
tions; hence  it  was  long  supposed  that  the  species  was  extinct.  A 
living  pentacripus  has,  lately,  been  discovered  in  the  West  Indies, 
and  its  stem  and  branches  in  a  perfect  state  have  been  sent  to  this 
country ;  and,  still  more  recently,  a  living  pentacrinus  was  found  in 
die  Cove  of  Cork. 

T^he  genus  echinus  makes  its  first  appearance  in  the  midst  of  the 
secondary  strata,  aD#  various  species  are  continued  into  the  chalk « 
which  abounds  with  remains  of  this  animal,  in  high  ^preservation.  It 
may  be  remarked,  that  scarcely  any  calcareous  stratum,  al)ounding 
ia  marine  organic  remains,  has  been  examined,  in  which  remains  of 
some  species  of  radiated  animals  may  not  be  found. 

Articulated  iAnimtdi.-^^TtkQ  species  of  worms  (annelides)  inhab- 
iling  tubes,  have  left  their  remains  in  the  upper  secondary^  and  ter- 
tiary strata :  remains  of  crustaceous  animals  (crabs,  &c.),  are  not  nn- 
roerous  in  the  upper  secondary  strata,  where  they  first  occur ;  but 
they  are  more  common  in  chalk  and.tfae  tertiary  beds  of  clay  cover- 
ing chalk.  One  of  the  very  first  inhabitants  of  the  globe  appears  to 
have, been  a  crustaceous  aquatic  animal,  called  in  England  the  Dud- 
ley fossil,  from  its  being  first  noticed  in  the  transition  limestone  near 
that  town.  Its  more  appropriate  name  is  the  Trilobite,  from  the 
three  parallel  lobes  or  divisions  of  the  body,  with  ranges  of  transverse 
ventral  fins,  somewhat  similar  to  those  under  the  tail  of  a  lobster. 
The  largest  species  are  found  in  the  slate  quarries  at  Angers,  in 
France.  A  specimen  in  my  possession,  from  that  place,  measures 
seven  inches  in  length  :  the  body  has  taken  the  flat  form,  common 
to  almost  all  fossils  found  in  slate,  (See  Plate  5.)  it  scarcely  rises 
more  than  one  third  of  an  inch  above  the  surface  of  the  slate  ;*  the 
upper  slate  contains  the  impression  or  mould  of  the  animal.  To  this 
species  Guettard  has  given  tne  name  of  Ogygu^  from  its  occurrence 
among  the  roost  ancient  rock  formations,  that  contain  vestiges  of  or- 
ganic life. 
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The  remains  of  winged  insects  have  sometimes  been  found  in  the 
upper  secondary  strata  in  England,  particularly  in  the  calcareous 
slate  of  Stonesfield,  Oxfordshire,  where  numerous  impressions  of 
the  elytra,  or  hard  cases  which  cover  the  wings,  of  coleopterous  in- 
sects occur.  Professor  Bucklaod  very  ingeniously  conjectures  that 
these  winged  insects  might  serve  as  food  for  the  flying  lizards  (Pte- 
rodactyli)  that  are  found  in  the  same  strata,  and  were  cotemporane- 
ous  with  them.  Of  all  the  four  grand  divisions  of  the  animal  king- 
dom, the  Articulated  has  supplied  the  smallest  number  of  fossil  or- 
ganic remains. 

MoUvscousAnimals.^Sbells  of  these  animals,  chiefly  bivalves,  oo- 
cur  in  the  limestones  of  the  transidon  series ;  but  the  number  of  the 
species  is  comparatively  small.  Some  chambered  shells,  particularly 
oitlioceratites,  are  found  in  transition  limestone. 

In  the  secondary  strata  that  cover  the  transition  series,  shells  of 
molluscous  animals,  both  bivalves  and  univalves,  are  more  abondant, 
and  the  number  of  the  species  is  greatly  increased. 

It  is  in  the  lower  strata  of  this  series  that  chambered  shells,  such 
as  nautilites  and  ammonites,  first  become  numerous :  some  species 
are  continued  into  the  chalk  strata,  but  no  ammonites  are  found  in 
the  strata  above  chalk;  Trochiform  or  top-shaped  spiral  univalve 
shells  first  appear  in  the  lower  part  of  the  secondary  series,  but  be- 
come more  numerous  in  the  upper  part  of  this  series.  In  the  tenia* 
ry  strata  above  chalk,  the  species  of  univalve  shells  greatly  exceed 
those  of  the  bivalves :  in  the  lower  strata,  the  reverse  is  the  case. 
We  may  further  remark,  that,  as  the  tertiary  strata  are  the  most  re- 
cent of  regular  rock  formations,  so  the  organic  remains  which  they 
eontain,  bear  a  closer  resemblance  to  the  shells  of  moUuscous  ani- 
mab  living  in  our  present  seas,  than  whar  are  found  in,  the. more  an-» 
cient  strata.  Some  of  the  shells  in  ^  the  upper  part  of  the  tertiary 
strata  appear,  indeed,  to  be  identical  with  those  of  existing  species. 

The  different'  classes  and  orders  of  mpUAscous  animais  that  have 
left  their  remains  iti  the  lower  and  the  upp^r  strata,  doubdess  pos- 
sessed, each,  the  peculiar  organization  that  best  enabled  them  to  ex- 
ist and  multiply  under  the  peculiar  condition  of  our  planet,  that  was 
cotemporaneous  with  th^  epoch  of  their  ereation.  When  this  con- 
diuon  was  changed,  their  numbers  were  diminished,  or  they  disap- 
peared entirely,  and  were  succeeded  by  diflferent  races,  with  an  or- 
gamzauon  adapted  to  other  modes  of  existence^  and  to  the  new  cir- 
cumstances in  which  they  were  placed.  Such'are  the  legitimate  in- 
ductions which  we  appear  justified  in  making,  from  the  organic  re- 
jnaios  in  the  different  strata.  The  further  consideration  of  this  inter* 
esting  enquiry  will  be  resumed  in  the  succeeding  chapters. 

Verttbrated  Animals  are  arranged  under  four  classes  : — ^fishes, 
reptiles,  birds,  /  and  mammiferoas  animals.  Remains  of  fishes  are 
exceedingly  rare  in  transition  rocks ;  but  they  appear,  decidedly^  in 
the  bwer  secondary  strata.    The  entire  bodies  are,  sometimes,  well 
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preserved ;  and  the  bones,  scales,  teeth,  and  vertebre  are  met  with, 
occasionally,  in  almost  all  the  strata  that  contain  fossil  shells,  whether 
secondary  Or  tertiary.  Many  of  the  species  bear  a  dose  resemblance 
to  species  at  present  existing,  either  in  the  ocean  or  in  rivers. 

The  bones  and  entire  skeletons  of  reptiles,  allied  to  the  saurian  or 
lizard  class,  occur  in  the  lower  part  of  the  secondary  strata,  and  are 
very  abundant  in  a  dark  argillaceous  limestone  called  lias,  and  in 
the  beds  of  clay  that  are  over  it.  These  animals  are,  many  of  them, 
different  from  any  known  existing  genera :  they  were  inhabitants  of 
the  ocean,  and  furnished  with  paddles  instead  of  feet.*  In  the  up- 
per secondary  strata,  between  the  lias  and  chalk,  the  remains  of  oth- 
er saurian  animals,  closely  allied  to  living  species  of  crocodiles  and 
lieards,'aTe  fully  developed  :  they  bad  feet,  arid  were  evidently  am- 
phibious. Ofthesaurin  animals  in  this  serines,  that  called  the  igua- 
nodon,  discovered  by  Mr.  Mantell,  near  Cuckfield,  in  Sussex,  is  the 
most  remarkable  for  its  size ;  the  length  exceeding  eighty  feet,  and 
the  thickness  of  the  body  being  equal  to  that  of  the  elephant.  It  is 
supposed  to  have  been  herbivorous.  It  closely  resembles,  in  struct- 
nre,  the  iguana,  a  native  of  America  and  the  West  Indies. 

The  fossil  remains  of  birds  are  so  rare,  that  their  occurrence,  in 
any  of  the  regfilar  strata,  was  long  considered  doubtful.  The  bones, 
recently  discovered  in  some  of  the  English  secondary  strata,  suppo- 
sed at  first  to  be  those  of  birds,  belong  to  species  of  flying  Kzards. 
BonQS  of  birds  are,  however,  found  in  ^ome  of  the  tertiary  strata,  par- 
tieolarly  in  th*^  gypsnm  near  Paris. 

Vertebrated  animals  of  the  highest  class,  the  mammalia,  occur  in 
the  tettiary  strata,  and  in  ancient  beds  of*  grayel  and  clay.  Cetace- 
ous animalsy  allied  to  the  whale  and  seal,  have  been  found  in  some  of 
the  tertiary  strata ;  but  they  are  by  no  means  common.  The  bones 
of  herbivorous  land  quadruped^  occur  in  the  upper  part  of  the  tertia- 
ry beds,  or  what  may  be  regarded  as  the  latest  geological  forma- 
tions: the/ are,  more  frequently,  found  in  beds  of  clay  and  gravel 
than  in  the  soKd  strata.  Cuvier  has  ascertained  the  existence  of  fos- 
sil bones  belonging  to  about  seventy  species  of  man^toiferous  quadru- 
peds, in  the  tertiary  strata  near  Paris.    Nearly  forty  of  these  are  of 
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*  The  ichthyosaurus,  or  fish  lizard,  had  an  organisation  intermediate  between 
that  of  a  lizard  and  a  flsh :  its  paddles  were  long,  broad,  and  fiat,  to  enable  it  ta 
move  rapidly  through  the  water :  the  orbits  of  the  eyes  are  enohnously  large. 
Four  species  have  been  ifscertained ;  some  are  of  immense  size.  The  Pleshsaa- 
rus,  another  genus  more  nearly  approaehing  the  organisation  of  the  lizard,  is  dis^ 
tinguished  from  all  oviparous  (Quadrupeds  by  the  form  of  i\s  neck,  which  is  longer 
than  its  body,  and  is  composed  of  no  less  than  thirty  vertebne,  exceeding  in  num- 
ber those  in  Uie  neck  of  the  swan.  This  animal  is  supposed  to  have  swum  on  the 
water,  with  its  neck  arched  to  dart  on  its  prey.  The  Testudo  ferox^  living  in  the 
rivers  in  Florida,  is  somewhat  similarly  constructed :  it  hides  itself  in  reeds,  and 
darts  out  its  head,  suddenly,  to  seize  birds  and  other  animals.  There  are  ive  spe^ 
cies  of  the  Plesiosaurus,  some  of  them  were  more  than  twenty  feet  long.  Remams 
of  flying  lizards  have  been  discovered  in  a  fossil  state  in  Germany,  and  very  re- 
cent^ in  Oxfordshire  and  Donetshirer 


exUnct  qpecies,  and  seveial  of  them  belong  to  oxtinDi  giMora.    A 
Tery  ooo^derable  oumber  of  the  large  fessil  bones  bekwg  to  tbe  diA- 
fisrent  genera  and  species  of  tbe  order  named  by  Cu^ier  Pachgier' 
wusULj  or  thick-skinned  non-ruminant  animals ;  as  the  elephant,  tbe 
mastodoo,  the  tapir,  tbe  hippopotamus,  tbe  rhinoceros,  and  tbe  pa- 
beotberium.    As  these  bones  are  found,  very  abuadantly,  in  maiqr 
countries  in  northern  Europe,  tbe  fact  proves,  either  that  the  animals 
were  natives  of  cold  and  temperale  climes,  or  that  (be  temperature 
of  the  earth  has  decreased.    Tbe  entire  body  of  an  ekpbaai,  em- 
bedded in  ice,  in  Siberia,  was  found  in  tbe  year  1799.    Its  skin  was 
covered  with  two  kinds  of  coarse  hair  and  a  soft  fur  beneath,  which 
afibrds  almost  certain  proof  that  tbe  anieaal  was  an  inhabitant  of  a 
cold  climate,  or  at  least  of  one  in  which  the  winters  were  severe. 
A  simihr  defence  against  cold  is  provided  for  terrestrial  quadrupsids 
thai  inhabit  cold  countries,  but  is  never  observed  in  tropical  cUmates, 
except  in  mountainous  regions  that  have  a  low  temperature.    Tbe 
aatbor's  attention  was  directed  to  this  subject  many  years  since ;  and 
in  his  *'  Observations  an  the  Effect  rf  Soil  and  CUmaie  on  fVoolj*^ 
be  has  stated  instances  of  English  long-woolied  sheep  casting  tbek 
fleece  in  hot  climates,  and  becoming  clothed  with  short  coarse  hair 
fike  bristles.    Bishop  Heber,  in  his  travels  in  tbe  Himalayaa  moun- 
tains, mentions  a  species  of  elephant  which  he  saw  there,  not  target 
than  an  ox,  and  ^'  as  shaggy  as  a  poodle."    He  further  states,  "  that 
English  d^s,  brought  to  those  mountains,  acquire,  in  a  winter  ev 
two,  tbe  same  short  fine  sbuwl  wool,  mixed  with  their  own  hair, 
which  distinguishes  the  indigenoos  animals  of  the  country :  tbe  same 
is,  in  a  coosideraUe  degree,  the  case  with  horses."    The  fossil  ele- 
phant that  was  once  a  native  of  Europe,  according  to  Cuvier,  difier^ 
ed  as  much  from  the  Asiatic  or  tbe  African  elephant  as  tbe  horse 
differs  froa>  the  ass.     Booes  and  teeth  of  extinct  species  of  carnivo- 
rous quadrupeds  are  most  frequently  found  in  caverns  intermixed  in 
a  broken  state,  with  bones  of  herbivorous  animals.     Since  the  time 
that  these  bones  have  been  examined  by  naturalbts  who  have  at- 
tended to  comparative*  anatomy,  no  vestiges  of  human  remains  have 
been  discovered ;  nor  have  any  of  the  bones  of  tbe  animals  which 
approach  nearest  to  man  in  structure,  the  ^(ulrtcfiuifta  or  monkeys, 
been  yet  found  with  those  of  the  more  ancient  inhabitants  of  thaglobe. 
The  vast  diluvial  beds  of  gravel  and  clay,  and  the  upper  strata  in 
Aaa,*  have,  however,  not  yet  been  sciemifically  explored ;  and  both 
sacred  and  profane  writers  agree  in  regarding  tbe  temperate  regions 
of  that  continent,  as  tbe  cradle  of  the  human  race.f 


*  In  the  dilariumnear  the  river  Irrawaddy,  in  Ava,  Mr.  Cnwfoid  has,  recent- 
ly, dtscorered  namerous  bones  and  teeth  of  two  new  species  of  mastodon,  inter- 
■lized  wiUi  bones  of  the  rhinoceros  and  hippopotamos.  The  bones  axe  penetra- 
ted with  iron. 

t  It  has  been  coDJectnred,  that  tbe  bones  of  man  are  more  Ara^ile  and  perisha- 
ble than  those  of  land  quadrupeds ;  but  this  is  contrary  to  ezpenenee :  for  it  has 
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*  VegttahU  Petrtfaetions. — Respecting  the  ancient  condition  of  our 
planeti  the  remains  of  vegetables,  found  in  different  strata  aflbrd  in- 
teresiing  information  which  we  could  not  have  obtained  from  animal 
remains  alone.  The  animal  remains  found  in  the  transition  rocks 
are  almost  exclusively  marine  ;  hence,  we  could  not  have  inferred, 
from  these  remains  alone,  that  any  portion  of  the  globe  was  dry  land, 
when  these  rocks  we're  deposited.  In  some  of  (be  slate  rocks,  how- 
ever, a  few  remains  of  terrestrial  plants,  analogous  to  ferns,  occasion- 
ally occur,  which  indicate  the  existence  at  that  remote  epoch,  of  is- 
lands or  tracts  of  land.  In  the  strata  of  sandstone  and  shale,  which 
alternate  with  coal  and  cover  transition  rocks  of  marine  origin,  the 
remains  of  terrestrial  vegetables  are  abundantly  distributed,  and  those 
of  marine  animals  disappear,  entirely,  in  most  of  the  beds :  the  part 
formerly  covered  by  the  sea  with  rivers,  lakes,  and  marshes,  on  which 
the  plants  had  grown,  or  were  deposited,  had  therefore,  become  dry- 
land. Again,  at  a  subsequent  period,  the  dry  land  and  its  vegetation 
became  buried  under  a  deep  ocean,  that  deposited  numerous  calca- 
reous beds,  611ed  with  shells  and  remains  of  marine  animals,  but 
occasionally  containing  a  few  broken  fossil  stems  of  terrestrial  plants, 
which  had  probably  been  carried  into  the  ocean,  by  the  rivers  of  dis- 
tant countries.  In  the  upper  strata,  the  alteration  of  marine  and 
fresh  water  formations  are  distinct  and  frequent. 

Now  it  appears,  that  as  we  ascend  from  the  lower  to  the  upper  or 
more  recent  strata,  a  progression  from  simple  to  more  complex,  or, 
in  other  words,  from  less  perfect  to  more  perfect  forms,  takes  place 
in  the  vegetable  as  well  as  in  the  antmal  kingdom. 

Avoiding  technical  expressions  as  much  as  the  subject  will  admit 
of,  I  will  endeavour  tp  state  this,  intelligibly,  to  the  geological  student, 
who  may  be  at  present,  unacquainted  with  vegetable  physiology. 

Vegetables  of  all  kinds  may  be  arranged  under  two  grand  divi- 
sions— Ce27u2ar  and  Vascular. 

CeUular — without  regular  vessels,  but  composed  of  fibres,  which 
sometimes  cross  and  interlace.  Confervas,  lichens,  fungi,  alge, 
or  sea-weed,  and  mosses  belong  to  this  division.  In  some  of 
these  families,  there  are  no  apparent  organs  of  fructification. 
Vascular — with  vessels  which  form  organs  of  nutrition  and  repro- 
duction.    According  to  the  arrangement  of  these  organs,  and 


been  well  observed  by  Cavier,  that  the  bones  of  men,  left  on  the  field  of  batUe  with 
tiiose  of  horses,  are  as  well  preserved  as  the  latter,  making  allowance  for  the  dif- 
ference of  size.  Neither  is  there  any  essential  difference  in  the  chemical  constit- 
uent parts  of  human  bone  from  those  of  other  animals  of  the  class  mammalia. 
Dry  bones,  according  to  Berzelius,  contain  as  under  \— 

HiiRiftn  Haman  Oz             Ox 

Bones.  Teeth.  Bonps.  Teeth. 

Cartilage,       -       ...       33           —  33  35 

Phosphate  of  lime,         -       -        51          853  55  81 

Carbonate  of  lime,         -       -  •      11-5        8  9           7 

Fluate  of  lime,       -     -  -       .         2           32  3           4 

Phosphate  of  magnesia,         -         12        1*5  2           3 

Soda  and  muriate  of  soda,      •         1*3        2  2  2  ' 
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tbeir  number  or  complexity,  vascular  plants  may  be  divided 
ioto  the  foltowiDg  classes,  and  each  class  contaiDs  distinct  fanw 
ilies : — 

1.  Without  perfect  flowers,  the  organs  of  fructification  concealed 
[crypiogamia).  To  this  class  belong,  in  the  fossil  state,  gigan- 
tic ferns,  equisetum  {horse  tail)^  and  other  plants  allied  to  ferns. 

2.  With  flowers,  the  seeds  naked  or  without  capsules.  To  this 
class  belong  the  families  cycadese  and  conifers,  or  firs.  This 
class  is  denominated  phanerogamia  gymnospermous. 

3.  Flowering  plants  with  one  cotyledon :  phanerogamia  mono- 
cotyledonous.    It  comprises  water-lilies,  palms,  lilies,  and  canes. 

4.  Flowering  plants  with  two  cotyledons ;  this  comprises  all  forest 
trees  and  shrubs :  Phanerogamia  dicotyledonous. 

None  of  the  families  of  plants  but  those  in  the  last  class  have  the 
true  woody  structure,  or  produce  perfect  wood,  except  the  conifere 
or  firs,  be. ;  but  the  wood  of  these  differs  from  true  dicotyledonous 
wood. 

In  tracing  the  distribution  of  vegetables  through  the  difierent  class- 
es of  rock,  we  shall  find  only  the  lowest  or  simplest  forms  of  orgaoi- 
zation,  in  the  roost  ancient  formation. 

1.  Transition  slate  contains,  occasionally,  impressions  of  algae  or 
sea  weed ;  but,  considering  the  frail  texture  of  the  cellular 
plants,  we  cannot  expect  the  forms  to  be  well  or  abundantly 
preserved  in  rocks,  which  have  probably  been  subjected  to  beat 
and  various  disturbing  agents.  A  few  fronds  or  leaves  of  ferns 
have  been  found  in  some  rocks  of  this  class. 

2.  Coal-measures  abound  in  vegetable  remains  of  the  first  or  low- 
est class  of  vascular  plants.  Gigantic  ferns,  large  equisetums 
(horse  tail),  and  lycopodia  are  of  frequent  occurrence.  Pahns 
and  canes  are  more  rare. 

3.  The  secondary  strata  are,  principally,  marine  formations ;  but 
the  beds  of  sandstone  and  clay  frequently  contab  vegetable 
remains  of  plants  of  the  second  class  (ferns  and  lycopodia,  be.), 
but  of  dififerent  species  to  those  found  in  the  regular  coal  meas- 
ures. In  part  of  this  series,  occur  fossil  remains  of  the  third 
class,  conifers  and  cycadee.  In  the  marine  strata,  are  occasion- 
aOy  found  broken  fossil  stems,  but  the  vegetable  fossil  remains, 
appropriate  to  them,  are  of  algs  or  sea  weed.  Plants  of  the 
fourth  class  sometimes  occur  in  the  upper  secondary  strata. 

4.  Tertiary  strata  contain  fossil  plants  of  the  more  perfect  classes, 
which  are  rarely,  if  ever,  found  in  the  secondary  strata.  Soma 
of  the  most  recent  tertiary  beds  contain  remains  of  trees  analo- 
gous to  what  now  flourish  in  Europe. 

The  above  brief  outline  may  be  taken,,  as  a  near  approximation,  to 
the  distribution  of  the  different  classes  o^  fossil  vegetables.  The 
instances  of  trees  or  plants  of  the  highest  class  found  in  coal  are 
doubtfiil ;  for  stems  of  large  lycopodia,  divided  into  two  branches 
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at  die  top,  hwt  nbt  unfrequeiMily  been  fmstaken  far  irees  Ant  bare 
the  true  ivoodjr  strvdtire. 

The  progressive  development  and  succession  of  more  perfect 
ibrms,  as  we  ascend  from  the  ancient  to  the  most  recent  strata,  ap- 
pears confirmed  by  the  fossil  remains  both  of  animals  and  vegetables. 
These  remains  afford  a  mass  of  positive  concurrent  evidence  that 
cannot  be  refuted  by  negative  arguments.  We  are  toldi  that  the  bed 
of  the  sea  has  not  been  dredged,  to  discover  what  species  of  animals 
have  existed  in  former  eges.  The  geologist  can  have  no  need  of 
socfa  an  operation.  If  the  bottom  of  the  sea  has  not  been  dredged. 
It  has  been  laid  bare,  and  is  now  exposed,  over  an  extent  equal  to 
that  of  the  habitable  globe.  For  every  island  and  continent  bas  form- 
ed part  of  an  ancient  bed  of  the  ocean,  and  that  not  only  once,  but 
repeatedly  and  at  distant  epochs.  This  extended  surface  of  ibe  bed 
of  the  ancient  ocean,  is  exposed  to  the  examination  of  thousands 
of  observers  in  every  degree  of  latitude,  not  covered  by  polar  snows. 
These  examinations  have  hitherto  confirmed  the  position  (taken  with 
certain  limitations)  that  a  progressive  development  of  more  perfect 
organic  ibrms,  both  in  the  animal  and  the  vegetable  kingdoms,  may- 
be traced,  from  the  most  ancient  rocks  in  which  these  remains  ap- 
pear, through  the  different  classes  of  rock,  until  we  ascend  to  the 
most  recent,  which  contain  remains  of  animals  analogous  to  existing 
species.  All  dr  nearly  all  the  instances  that  have  beert  cited  of  ani- 
mals of  the  higher  classes  being  found  in  ancient  strata  haVe  proved, 
on  further  examinatbn,  to  be  fallack)us;  yet  when  we  consider  what 
disturbing  causes  have  acted  on  the  crust  of  the  gk>be,  it  need  not 
appear  surprising  if  recent  species  of  animals  should  sometimes  be 
found  buried  in  the  lower  rocks :  this,  however,  would  not  afiect  the 
present  question.  The  subject  will  be  referred  to  in  a  subsequent 
chapter. 

In  fossil  vegetables,  the  original  vegetable  matter  is,  often,  so  com- 
pletely removed,  that  no  trace  of  it  is  visible,  and  the  stem  appears 
converted  into  ironstone,  sandstone,  or  chert.  In  some  instances,  the 
surface  of  the  stem  is  black  and  carbonaceous,  and  all  the  inner 
part  is  mineralized.  Sometimes,  even  when  the  stem  is  completely 
silicified,  the  vegetaUe  organization  is  still  perceptible,  and  some 
traces  of  the  vegetable  principles  may  foe  obtained,  by  distillation. 

As  most  of  the  vegetable  remains  found,  both  in  the  secondarv  and 
tertiary  strata,  are  analogous  to  the  plants  of  tropical  climates,  it  has 
been  inferred  that  the  temperature  of  the  globe  was,  once,  consider- 
ably higher  than  at  present.  It  cannot  be  dented,  that  there  are  ma- 
ny geological  phenomena  which  strongly  favour  this  conduskxi :  there 
are,  however,  some  striking  facts  which  seem  opposed  to  it.  He 
consideration  of  this  questk>D  will,  therefore,  be  resumed  in  another 
part  of  the  inreseiit  vohime. 
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The  aathoT  has  attempted,  in  this  chapter,  to  give  a  saccinct  ac- 
count of  the  geological  distribution  of  fossil  organic  remains,  belonff- 
iag  to  the  animal  and  vegetable  kingdoms.    This,  he  conceives,  wSl 
interest  the  learner,  for  whose  use  it  was  chiefly  intended,  more  than 
a  detailed  enumeration  of  the  genera  or  species  supposed  to  be  pecu- 
liar to  different  rock  formations.     With  respect  to  fossil  concholo^y, 
be  is  inclined  to  believe,  that  the  attempt  to  identify  the  strata  of  dis- 
tant countries  by  the  isolated  occurrence  of  any  particular  species  of 
AheM,  has  been  carried  farther  than  a  sound  induction  from  facts  or 
analogy  would  warrant.     His  opinion  on  this  subject,  given  in  the 
second  edition  of  this  work,  he  will  here  insert : — **  It  may  be  doubt- 
ed, whether  the  occurrence  of  similar  organic  remains  is  sufficient  to 
identify  strata  in  distant  parts  of  the  globe ;  for,  conld  we  admit  that 
strata  are  universal  formations,  and  extended  from  the  frozen  to  the 
torrid  zone,  it  seems  more  than  probable,  that  the  animals  which  liv- 
ed on  any  one  particular  stratum,  would  be  of  very  different  species 
in  different  latitudes.'* — We  know  so  little  respecting  the  forms  or 
habits  of  the  animals  classed  by  the  conchologist,  that  we  are  far  from 
being  certain  whether  many  shells  which  he  regards  as  belonging  to 
different  species,  or  even  genera,  are  not  mere  varieties  of  form,  oc- 
casioned by  difference  of  age  or  situation.    Such  a  change  is  ascer- 
tained to  take  place  by  age,  in  shells  of  the  genus  Cypma, 

In  animals  like  the  molluscs,  which  have  no  internal  skeleton  to 
determine  their  form,  the  construction  of  the  external  shell  may,  prob- 
ably, admit  of  considerable  variation  under  a  change  of  circumstances. 
Few  conchologists,  excepting  M.  D'Avilla,  have  made  accurate  ob- 
servations on  the  h'ving  animals  inhabiting  oceanic  shells.  His  inter- 
estiug  work,  entitled  *^VHistoire  Naturelle  eclaircie  dans  une  de 
ses  parties  principales^  la  Conchologie;  et  augmentee  de  la  Zoomor- 
phosct  ou  Representation  des  Animaux  a  coquilles^  avec  leurs  Expli" 
cations,"* — ^presents  us  with  some  truly  extraordinary  forms  of  mol- 
luscous animals,  of  which  we  could  not  have  had  a  remote  notion  from 
the  mere  study  of  the  shell. 

In  strata  belonging  to  one  formation,  and  in  adjacent  districts,  the 
existence  of  certain  shells,  whether  we  regard  them  as  distinct  species 
or  as  varieties,  may  be  of  use,  in  identifying  any  particular  bed : — and 
in  distant  countries,  where  we  find  the  same  remarkable  species  of 
shell  asisociated  with  any  other  remarkable  species  in  considerable 
numbers,  it  may  serve  to  identify  a  particular  rock  formation,  where 
the  mineral  character  of  the  rock  may  be  very  different  from  that  in 
which  the  observer  has  been  accustomed  to  meet  with  them.  The  oc- 
cnrrenee  of  a  coasiderable  number  of  Grypha»e,  the  Gryphcta  arcuatOf 
in  a  bed  of  blue  clay  in  the  mountains  round  the  Lake  of  Annecy,  in 
Savoy,  served  the  author  as  a  key  to  discover  to  what  formation  the 
calcareous  strata  belonged,  when  their  mineral  characters  would  have 
indicated  a  more  ancient  series. 

Vegetable  organic  remains  have  not,  till  recently,  been  studied  with 
the  attention  which  they  deserve  and  require. — These  remaiim  are 
sever  found  entire,  as  is  frequently  the  case  with  the  skeletons  and 
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exuviae  of  animals :  they  cannot,  therefore,  be  satigfactorily  studied  in 
cabinet  collections.  Were  any  botanist,  well  acquainted  with  regeta- 
ble  physiology,  to  devote  some  time  to  exploring  the  vegetable  re- 
mains, as  they  are  abundantly  brought  up  by  our  coal-miners,  they 
might  have  the  opportunity  of  re-constructing  many  entire  species 
from  the  fragments ;  but,  in  order  to  form  a  geological  classification 
of  fossil  plants,  a  practical  acquaintance  with  all  the  secondary  strata 
is  further  required.  The  attempt  of  M.  Adolphe  Brongniart  to  give  a 
geological  classification  of  the  families  of  plants  peculiar  to  each  prin- 
cipal formation,  is  entitled  to  high  commendation,  as  the  nearest  ap- 
proximation to  a  correct  arrangement  of  fossil  plants  that  has  yet  been 
made.  See  his  *^Histoire  des  Vegetaux  fossiles^^^  and  liis  ^^  Prodrome 
d'un  Histoire  des  Y^g^taux  fossiles." 
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CHAPTER  III. 

OK  THE   MINERAL  SUBSTANCES   THAT  COMPOSE    THE  CKDST  Or  THE 
GLOBE ;    AND  ON  THE   STRUCTURE  OF  ROCKS. 

The  coDstituent  Elements  of  the  simple  Minerals  that  compose  Rocks. — The  phys- 
ical Characters  of  simple  Minerals  composing  Rocks. — E.tplanation  of  the 
Terms  employed  in  describing  the  internal  Stractore  of  Rocks,  and  the  external 
Structure  of  Mountain  Masses.^Sedimentary  Depositions. . 

The  most  careless  observer  can  scarcely  fail  to  notice,  that  the 
mineral  substances  which  occur  on  the  surface  of  the  globe  difier 
from  each  other  in  density,  hardness,  colour,  and  other  sensible  qual- 
ities. Indeed,  the  different  varieties  of  slone  appear  at  first  so  nu- 
merous, as  to  render  it  difficult  to  become  acquainted  with  them : 
but,  however  numerous  these  varieties  may  be  thought,  the  simple 
minerals  which  compose  rocks  or  strata  are  very  few,  and  the  ele- 
mentary substances,  of  which  each  of  these  minerals  is  formed,  are 
still  fewer.* 

The  elementary  substances  of  which  the  solid  matter  of  our  globe 
is  composed,  are  the  Earths^ — Wlex,  aluminey  lime  and  magnesia. 
The  Metals^ — iron  and  manganese.  The  Inflammable  Principles, 
— carbon  znA  sulphur;  and  the  ^ZA;aZte«, — potash  Bni  soda, — Mu- 
riatic and  Phosphoric  Add  occur  also  in  the  mineral  kingdom.  The 
newly  discovered  earths  and  alkalies^  and  metallic  ores  cannot  be  re- 
gardefl  as  forming  essential  constituent  parts  of  rocks :  they  chiefly 
occur  in  veins.  The  four  earths  above  enumerated,  together  with 
iron,  compose  nineteen  parts  in  twenty  of  the  known  solid  matter  of 
the  globe.  The  Earths,  when  pure,  are  infusible,  except  at  an  in- 
tense heat;  they  are  nearly  insoluble  in  water  at  the  common  tem- 
perature :  when  pure,  they  are  white  or  colourless.  Though  the 
earths  are  infusible  when  pure,  if  they  are  combined  in  certain  pro- 
portions, they  may  be  fused  with  facility  at  a  comparatively  low  tem- 
perature. 


•  The  mineralogist  and  the  geologist  consider  those  minerals  as  simple  and 
homogeneous,  which  present  no  difference  of  qualities  to  our  senses  throughout 
the  mass,  although  the  chemist  may  discover  thai  such  minerals  are  composed  of 
two  or  more  elementary  substances.  Thus,  limestone  or  marble  is  regarded  as  a 
simple  substance,  though  chemistry  has  discovered  that  it  contains,  in  every  100 
parts,  lime  57  parts,  and  carbonic  acid  43.  It  is  the  latter  which  is  expelled  from 
It  by  burning;  a  process  which  is  well  known  to  make  the  stone  lighter,  and  to 
render  it  caustic ;  in  which  state  it  is  called  quicklime.  Nor  do  the  researches  of 
the  chemist  end  here :  the  two  substances,  quicklime  or  pure  lime,  and  carbonic 
acid,  aie  themselves  compounds:  the  former,  lime,  is  a  compound  of  a  metallic 
substance  called  calcium,  united  with  ox}'gen ;  the  latter,  or  carbonic  acid,  is  com- 
posed of  oxygen  and  carbon  or  charcoal. 
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SiUXf  or  SUieetnu  Earthy  exists  nearljr  pure  id  large  massesi  form- 
iog  mioeralsy  and  even  entire  rocks,  as  rock  crystal,  quartz  rock,  and 
fliDt :  it  commuDicates  a  great  degree  of  hardness  to  ail  rocks  or 
stones  into  which  it  enters,  in  a  large  proportion.  Such  stones  are 
denominated  Siliceous :  they  resist  the  point  of  a  knife,  or  scratch 
glass.  In  its  combinations  with  other  earths,  Silex  appears  to  act  as 
an  acid.  More  than  one  half  of  the  crust  of  the  globe  is  composed 
of  siliceous  earth  either  pure  or  combined.  In  some  thermal  waters, 
siliceous  earth  occurs,  either  in  a  state  of  minute  division  or  in  solu- 
tion ;  and  the  waters  of  the  boiling  springs,  or  geysers,  in  Iceland, 
deposit  siliceous  incrustations  of  considerable  thickness. 

Aluminej  pure  argillaceous  Earth,  (Lat.  argUla^  Fr.  argUU^)  is  a 
substance  which  in  a  mixed  state  is  well  known,  but  pure  unmixed 
clay  is  one  of  the  rarest  substances  in  the  mineral  kingdom.  This 
earth  is  soft,  smooth,  and  unctuous  to  the  touch ;  it  strongly  absorbs 
water ;  where  it  exists  in  the  proportion  of  thirty  per  cent,  it  com- 
municates in  some  degree  these  properties :  such  rocks  are  called 
argillaceous ;  they  generally  contain  a  notable  portion  of  iron,  which 
appears  to  have  a  greater  affinity  for  this  earth  than  for  any  other.* 

lAme  (Lat.  calx^  Fr.  chaux)  is  a  well-known  earth  combined  with 
carbonic  acid,  in  which  state  it  forms  limestone,  marble,  and  chalk : 
these  differ  from  each  other  only  by  different  degrees  of  hardness  or 
of  crystallization.  Mountains  composed  of  lime  are  denominated  cal- 
careous. When  lime  is  united  with  sulphuric  acid,  it  forms  the  stone 
called  gypsum,  which  is  softer  than  limestone,  and  does  not,  like  it, 
effervesce  with  acids.  Calcareous  earth,  mixed  with  common  clay, 
forms  marl. 

Magnesia  has,  rarely,  been  found  pure  in  a  native  state.  It  en- 
ters into  the  composition  of  some  of  the  primary  rocks,  to  which  it 
generally  communicates  a  soapy  feel,  a  striated  or  striped  texture, 
and  sometimes,  a  greenish  colour.  It  occur3,  also,  in  various  lime- 
stones in  different  proportions. 

Iron  appears  to  be  more  abundant  than  magnesian  earth :  it  forms 
a  constituent  part  of  numerous  rocks  and  stones ;  to  it  tb^  n)ost  fre- 
quently owe  their  colour :  the  earths,  when  pure,  are  white.  Iron, 
when  m  combination  with  the  earths,  is,  like  them,  an  oxide,  or  a 
metal  united  with  oxygen.    To  the  presence  of  iron,  the  increase  of 


*  ThoQgh  alamine  or  pare  cla^r  cominuiiicates  a  soA  quality  to  most  stones  of 
which  it  forms  a  principal  constituent  part,  a  very  remarkable  exception  to  this 
is  offered  in  adamantine  spar  and  the  sapphire,  which  nearly  eqnal  the  diamond 
in  hardness.  Klaproth,  one  of  the  most  laborious  and  eminent  chemists  of  the 
present  age,  has  analysed  these  stones :  the  former  contains  90  parts  in  the  100  of 
pare  clay ;  the  latter  95  parts  in  the  same  quantity.  "  What  a  nigh  degree  of  co- 
nesive  power  (he  observes)  mpst  nature  command,  to  be  able  to  transform  such  a 
common  sabstance  as  clay  (aluminous  earth)  into  a  body  so  eminently  distinguish- 
ed and  ennobled  as  the  sapphire  by  its  hardness,  brilliancy,  and  its  resistance  to 
the  action  of  fire,  of  acids,  or  the  effects  of  all-destroying  time! " — Klaprttih*i  Bs- 
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specific  gravity  in  all  stones  or  earthy  minerals  if  it  much  exceed 
sf-5,  or  approach  3  may  be  attributed  :  in  other  words,  if  they  are 
nearly  three  tinaes  heavier  than  an  equal  bulk  of  water.  Gems  and 
the  earths  barytes  and  strontian  are  exceptions;  but  these  never  form 
entire  rocks.  The  presence  of  iron  not  ody  hicreases  the  weight, 
and  darkens  the  colour  of  numerous  rocks  and  stones,  but  is  one 
principal  means  of  their  decompoution,  for  mm  exists  in  stones  in 
two  states  of  oxygenation,  as  the  black  or  the  red  oxide ;  and  when 
the  former  is  exposed  to  air  and  moisture,,  it  absorbs  a  greater  por* 
tbn  of  oxygen,  and  is  converted  into  a  brown  ochrey  inorustatioo, 
which  peeb  o^  and  exposes  a  fresh  surface  of  the  stone  to  a  similar 
process. 

Mtmganuty  in  a  state  of  oxide,  oocurs  in  a  few  rocks^  to  which  it 
geoerat^  communicates  a  dull  reddish  colour  inclining  to  purple,  and 
a  peculiarly  dry  and  burnt-like  appearance. 

Stdphuvy  though  found  in  considerable  masses,  cannot,  by  itoelf, 
be  regarded  as  a  constituent  part  of  rocks ;  but  when  it  is  combined 
with  oxygen,  forming  sulphuric  acid,  it  unites  with  lime,  and  formtl 
the  well-known  mineral  gypsum  or  plaster  stone. 

Carbon,  or  Charcoal^  enters,  as  a  constituent  part,  into  many  of 
the  slate  rocks,  to  which,  it  generally,  communicates  a  dark  colour : 
it  forms  also  regular  beds  of  considerable  thickness,  being  the  princi<* 
pal  coasthuent  part  of  coal.  Carbon,  combined  with  oxygen,*  forma 
carbonic  acid  or  fixed  air,  which  is  combined  and  solidified  in  all 
limeatone  rocks,  in  a  proportion  exceeding  two  fifths  of  the  whol^ 
wekbt.  As  carbon  exists  in  such  a  large  proportion  even  in  the  old*- 
est  limestones,  we  may  regard  it  as  a  constituent  element,  and  not 
as  a  substance  derived  from  the  vegetable  kingdom.  Tot  whence 
did  the  vegetables  themselves  derive  their  carbon  ?  ^ 

Potass  and  Soda, — ^These  alkalies  occur  in  minerals  which  com- 
pose parts  both  of  primary  and  volcanic  rocks ;  but  the  proportkw 
IS  so  small,  that  they  would  scarcely  deserve  the  attention  of  the  ge« 
ologist,  did  not  the  latter  alkali,  soda,  exist  in  such  abundance  in  the 
waters  of  the  ocean  and  in  rock  salt.  Pure  sea  salt,  or  rock  salt, 
contains  nearly  53}  parts  of  soda,  46}  muriatic  acid  or  chlorine. 

Muriatic  acid,  combined  with  soda,  is  the  only  state  in  which  this 
add  forms  a  constituent  part  of  any  rocks  we  are  yet  acquainted 
with ;  except  in  some  volcanic  rocks,  where  it  may  be  regarded  as 
acddentaL 

Phosphoric  Add,  combined  with  calcareous  earth,  i^  a  principal 
constituent  of  animal  bones :  it  occurs,  also,  in  a  feiv  limestone  beds, 
which  are  supposed  to  have  derived  phosphoric  add  from  the  decora- 
position  of  animal  matter.  This  acid  is  of  very  rare  occurrence  in 
the  mineral  kingdom. 

The  above  elementary  substances,  either  separately  or  combined, 
form  all  the  simple  minerals  of  which  rocks  are  composed.  A  knowl- 
edge of  these  mmerals,  and  their  dilferent  intermixtures  and  combi- 
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nationsi  caa  be  learped  011I7  by  an  examiDation  of  specimens :  tbejr 
are,  however,  far  from  being  numerous ;  and  a  short  description  of 
each  IS  necessary  in  an  introductory  treatise. 

The  most  important  simple  minerals  composing  rocks  are  qnartz, 
felspar,  mica,  talc,  chlorite,  hornblende,  serpentine,  limestooe,  and 
slate. 

Quartz  is  one  of  ihe  hardest  minerals  of  which  inountain  masses 
are  composed :  it  gives  plentiful  sparks  with  steel ;  it  breaks  with  a 
smart  stroke  of  the  hammer ;  the  surface  of  the  fracture  in  crystal- 
lized quartz  is  conchoidal,  ip.  uncrystallized  splintery  :  the  lustre  ]» 
vitreous.  Crystals  of  quartz,  or  rock  crystals,  as  they  are  common- 
ly denominated,  have  different  degrees  of  transparency :  the  blue 
varieties  are  amethysts.  The  most  common  forms  of  the  crystals 
are  six-sided  prisms  terminated  by  six-sided  pyramids ;  or,  two  six- 
sided  pyramids  united,  forming  a  dodecahedron,  whose  faces  are  isos- 
celes triJEingles.  Uncrystallized  quartz  is  seldom  transparent,  most 
frequently  translucent,  but  sometimes  opaque.  Its  colours  are  vari- 
ous shades  of  white,  grey,  brown,  yellow,  red,  and  green.  It  yields 
a  phosphorescent  light  and  a  peculiar  odour  when  rubbed.  Quartz 
b  composed  of  siliceous  earth,  combined  with  a  very  small  portioa 
of  alumine.  It  is  infusible  when  unmixed,  but  with  alkalies  it  melts 
easily,  and  forms  Che  well-known  substahce  called  glass.  It  is  not 
acted  upon  by  any  aoid  except  the  fluoric.  Quartz  exists  in  veins 
intersecting  mountains,  and  it  sometimes  forms  large  beds,  and  even 
entire  mountains,  which  are  composed  of  this  mineral  in  grains  call- 
ed granular  quartz,  united  without  a  cementi  Fr3gments  or  crystals 
of  quartz  are  common  in  compound  rocks.  Grains  of  quartz  form 
a  pnncipal  constituent  part  of  most  sandstones.  The  milkwhite  peb- 
bles, in  gravel,  are  composed  of  quartz.  Flint,  chert  or  hornston^, 
opal,  chalcedony,  and  agate,  are  diflierent  modifications  of  siliceous 
earth,  which,  in  their  chemical  composition,  differ  little  from  quartz. 
Combined  with  a  large  portion,  of  alumine  and  iron,  quartz  loses  its 
translucency  and  passes  into  jsisper,  which  forms  beds  in  primitive 
mountains,  and  is  said  to  compose  the  substance  of  entire  ranges  of 
mountains  in  Asia. 

Felspar  or  fdd-spar  (a  name  received  from  the  Germans)  is  a 
constituent  part  of  numerousTocks.  It  is  hard,  in  a  somewhat  less 
degree  than  quartz,  and  is  more  easily  broken.  It  is  laminar,  or 
composed  of  thin  laminae  or  plates,  by  which  it  may  be  generally 
distinguished  from.quartz.  The  crystals  are,  more  commonly,  four- 
sided  or  six-sided  prisms,  whose  length  is  greater  than  the  breadth* 
It  has  a  shining  lustre.  The  colours  are  white,  grey,  milk-white, 
yelbwish  or  reddish  white,  sometimes  inclining  to  green.    The  red 

!>asses  through  various  shades,  from  a  pale  to  a  deep  red.  Crystal- 
ized  felspar  is  translucent.  It  may  be  melted  without  the  admixture 
of  alkalies,  and  forms  a  glass  more  or  less  transparent,  which  quality 
it  derives  from  the  lime  or  alkali  that  composes  part  of  its  constituent 
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ingredieQts;  but  different  9pecimens  of  this  mineral  vary  accordin    

CO  the  analyses  of  the  same  chemist.  ^^^p   i'|  n  p 


Potash r     13-*^  JN  1  V  J..  ..i:  «  ^ 

Lime    - -    -.-      S-^iSgj.^r.    v.A'^ 

•  Oxide  of  iron  -    --------      j_  ^s^jWi. 


V 


Loss 3 —  6 

Others  give  the  proportion  of  silex  46,  alumine  24,  lime  6* 

The  existence  of  potash,  or  the  vegetable  alkali,  in  felspar,  js  a 
fact  deserving  of  particular  attention.*  It  may  be  owine  to  this  cir^ 
cumstaoce,  that  felspar  is  so  frequently  observed  in  a  soft  or  decom- 
posiBg  state,  idthough  when  undecayed  its  hardness  is  little  ini^rior 
to  that  of  quartz.  Those  felspars  which  are  durable  are.  probably 
free  from  potash.  Felspar  in  a  compact  form^  occurs  in  many  rocks ; 
it  constitutes  the  principal  part  of  most  porphyries,  and  of  the  lighter- 
coloured  lavas.  Compact  felspar  differs  from  hornstone,  the  latter 
being  infusible  without  the  addition  of  alkalies. 

Mica  derives  its  name  from  the  Latin  micans^  glittering.  It  has 
a  splendid  lustre  and  is  known  as*  the  substance  called  Muscovy  glaqs* 
It  consists  of  very  thin  leaves  or  laminae,  which  may  be  easily  sepa- 
rated with  a  knife.  The  plates  are  elastic,  by  which  it  may  be  dis- 
languished  from  the  mineral  called  talc.  The  thin  plates  are  transpa- 
rent. The  colours  of  the  thick  plates  are  yellow,  grey,  blackish 
green,  white,  and  brown.  The  surface  may  be  scratched  with  a 
knife :  it  melts  into  an  enamel  with  the  blowpipe :  it  is  sometimes 
crystallized  in  six-sided  prisms. 

Tde  nearly  resembles  mica  in  appearance.  The  plates  are  flex- 
ible, but  not  elastic :  it  is  much  softer  than  mica,  and  is  infusible ;  its 
coburs  generally  incline  towards  green,  hut  it  is  sometimes  of  a  silver 
white :  it  has  a  soapy  feel.  ChioritCi  which  is  nearly  allied  to  talc, 
derives  its  name  from  cMoros^  thd  Greek  word  signifying  green.  Talc 
and  chlorite  pass,  by  insensible  gradations,  into  each  other,  and  in 
this  state,  they  supply  the  place  of  mica  iti  inost  of  the  granitic  rocks 
that  I  have  examined  in  the  vicinity  of  Mont  Blanc.  Chlorite  is  of 
a  darkish  dull  green  colour ;  it  has  a  glistening  lustre ;  its  structure 
is  minutely  foliated ;  it  is  soft, '  and  rather  unctuous.  The  constit- 
uents of  these  three  minerals  are, — 


*  It  has  recently  been  discovered,  that,  in  some  of  the  felspathic  rocks,  soda  oc- 
cupies the  place  or  potash,  and  gives  a  slight  change  to  the  crystalline  form :  some 
mmeralogists  are  desirous  of  making  this  variety  a  newfspecies,  and  have  proposed 
to  give  it  the  name  of  Cleavelandite ;  but  geology  and  mineralogy  are  already  too 
much  burdened  with  unmeaning  terms,  and  if  a  new\namemust  1^  introduced,  that 
of  felsparite  would  be  more  appropriate,  and  convey  an  idea  of  its  approximation 
to  felspar. 


36  HORNBLENDE. SERPENTINE. 

Mica.         Tftk.      ChkiriU. 

Silex 50  —  62  —  41 

Alumine     -------36  —    2  —    6 

Lime    ---------       1  —        —    1 

Magnesia 2  —  27  —  40 

Oxide  of  iron 6  —    8  —  10 

Water  and  loss    -----      6  —    6  —    2; 
but  these  proportions  vary  in  different  specimens. 

HornbUnaej  to  which  the  French  give  the  name  of  amphibolej 
forms  a  constituent  part  of  many  rocks,  €nd  appears  to  connect  the 
primary  with  those  which  are  of  volcanic  origin.  It  is  of  a  black  or 
dark  green  colour :  it  is  heavier,  but  less  hard,  than  quartz  or  fekpar : 
it  may  be  scratchecl  with  a  knife,  and  the  colour  of  the  streak  is  a 
light  greed,:  it  yields  a  bitter  smell  when  breathed  upon  and  melts 
easily  into  a  black  glass.  Common  hornblende  is  often  confusedly 
crystallized :  it  sometimes  forms  entire  mountains,  or  slaty  beds  in 
mountains,  and  is  very  commonly  met  with  in  granular  pieces  as  an 
ingredient  in  compound  rocks :  when  it  becomes,  more  abundantly 
and  minutely,  disseminated  in  them,  it  forms  what  are  denominated 
trap  rocks,  whose  origin  has  greatly  divided  the  opinions  of  geologists. 
Hornblende  and  the  rocks  to  which  it  is  most  nearly  allied  contaia 
as  under : — 

Hornblende.       Basalt  Obsidian,  or  Tolcanie  glum.  Lavt. 

Silex    -    -    42  —*  44    —            72                —        49 

Alumine     -      8  —  16    —            12                —        35 

Magnesia   .     16  — •      2 

Lime    -    -      9  — ^  9    —  sometimes                           4 

Oxide  of  iron  23  —  20    —  2  with  manganese.  —        12 

Soda     -    -  — r  •    4    •^—  6  with  potash. 
Manganese        1 
Water  and  loss ' 

Another  mineral  substance,  called  serpentink,  from  its  spotted 
colours,  resembling  the  serpent's  skin,  will  be  afterwards  described, 
as  forming  entire  rocks :  it  differs  in  composition  from  hornblende 
by  having  a  larger  portion  of  magnesia  and  less  iron ;  it  may,  per* 
baps,  be  regarded  as  an  intimate  combination  of  hornblende  with 
talc  or  chlorite.  Its  component  parts,  as  given  by  different  chemists, 
are  as  under : — 

,  Silex    .    -    -    -  45  —  29  —  45 

Alumine    -    -    -  18  —  23 

Magnesia  -.    -    -  23  —  34  —  33 

.Iron      ----  3-^4  —  14  with  a  trace  of  alumine. 

Lime    -    -    -    -  —        —    6 

Water  and  loss     -  11  —  10  —    8 

From  these  analyses  it  is  evident  that  the  specimens  vary  in  their 
component  parts ;  in  some,  the  proportions  are  almost  the  same  as  in 
hornblende :  in  others,  they  agree  more  nearly  with  talc  and  chlorite. 
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The  intimate  connection  between  hornblende  and  serpendne  is 
now  completely  established  $  for  hornblende  is  observed  to  be  chang- 
ed mto  serpentine,  by  contact  with  limestone  .in  various  situations. 
Serpentine,  sometimes,  occurs  crystallized,  and  has  receiT^d  the 
name  of  diallage. 

Umestone  {Carbonate  of  Lime),  however  various  in  external  ap* 
pearance  it  may  be,  b,  if  pure,  essentially  composed  of  57  pans  of 
lime,  and  43  carbonic  acid ;  but  in  some  rocks  the  limestone  is  inters 
mixed  with  magnesia,  alumine,  silex,  or  iron.  The  ^peci6c  gravity 
of  limestone  varies  from  2*50  to  2*80.  All  limestones  may  be  sera* 
ped  with  a  knife.  They  are  infusible ;  but,  when  impure  by  an  in* 
termixture  witb  a  portion  of  other  earths,  they  vitrify  in 'burning.  All 
limestones  effervesce,  when  a  drop  of  strong  acid  is  applied  on  the 
surface;  and  they  dissolve,  entirely,  in  nilricor  muriatic  acid.'  The 
specific  gravity,  hardness,,  and  enervescence  ^itb  acids,  taken -c61« 
fectively,  distinguish  limestone  from  all  other  minerals. 

CryMtaUized  Carbonate  of  Li$ne  (  Calcareoue  Spar)  occurs,  crjrs* 
taDized,  in  a  great  variety 4)f  forms;  the  crystals  break,  easily,  witb 
the  stroke  of  a  hammer,  and  the  fragments  are  always  rhomboidaL 

Vast  mountains  and  extensive  strata  of  limestone  cover  a  large 
portion  of  many  countries.  The  varieties  of  limestone  will  be  des*> 
cribed,  as  the  rocks  occur,  in  the  primary  or  secondary  series.  The 
different  appearance  of  statuary  marble  and  chalk  is  well  known  to 
every  one.  They  are  only  different  modi6cations  of  limestone,  and 
are' chemically  the  same.  Magnesian  limestone,  sometimea  called 
Dolomite,  possesses  most  of  the  physical  characters  of  common 
limestone,  but  contains  various  proportions  of  magnesia. 

Cfyptum,  or  Sulphate  qf  Lime^  is  far  less  abundant  than  carbonate 
of  lime ;.  but  it  forms,  in  some  situations,  beds  of  considerable  thick- 
ness and  extent.  Gypsum  is,  generally,"  of  a  color  inclining  to  white, 
and  is  sometimes  snow-whitci.  Common  Gypsum  has  a  laminated 
or  granular  structure,  and  is,  sometimes,  compact.  It  is  much  softer 
than  common  limestone  and  maybe  scratched  with  the  nail;  it  does 
not  e&rvesce  with  acids.  Crystallized  gypsum  has  the  properties  of 
common  gypsum ;  it  i$  frequently  called  selenite.  The  constitoent 
nans  of  gypsum  are  lime '32*7,  sulphuric  acid  46*3,  and  water  21. 
A  variety  ofgypsum  which  has  no  wat^r^in  its  composition,  and 
hence  called  anhvdrous,  occurs  in  beds  in  the  Savoy  Alps ;  it  is  there 
combined  with  siliceous  earth.  It  is  much  harder  than  comrtldn 
gypsum,  and  even  than  common  limestone.  The  specific  gravity  df 
common  gypsum  varies  from  2*16  to  2*28 ;  that  of  anhydrous  gyp- 
sum is  from  2*8^  to  2*90.  Gypsum,  under  the  name  of  plaster 
stone,  is  a  mineral  generally  known. 

SlatCf  improperly  called  by  some  geologists  clay-slate,  and  by  the 
old  geologists  argillaceous  sqhistus,  is  well  known, — at  least  the  com- 
mon variety  used  as  roofing  slatCi  i^hich  may  be  regarded  ai  the  pu- 
rest ibrm  of  this  mineral. 
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The  prevaiGog  colours  of  slate  are  bluish  or  greenish  grey :  it  has 
a  silky  lustre,  olate  rocks,  have,  frequently,  a  distinct  slaty  structure 
and  may  even  be  split  in  two  directions,  which  have  an  acute  angle 
wicfa  each  other ;  but  some  slate  rocks  have  a  compact  structure,  and 
will  not  admit  of  splitting.  Slate  yields  to  the  knifes  it  is  fusible 
into  a  black  slag.  The  composition  of  slate  is  various :  indeed,  by 
many  geologists  it  is  not  regarded  as  an  homogeneous  rock.  Its 
composition  has  been  given  as  under : — Silex  48,  alumina  28,  man- 
ganese 1*6,  oxide  of  uron  11*3,  oxide  of  mangahese  0*5,  potass  4'7, 
carbon  0*3,  water  7*6.  The  quantity  of  carbon  increases  in  the  up- 
per formations  of  slate,  and  it  passes  by  a  greater  admixture  of  car- 
bon, into  a  soft,  dark,  slaty  bed,  denominated  shale  by  the  English 
miners.  Slate  is  a  very  extensive  formaijon,  composing  entire  moun- 
tains in  many  alpine  districts. 

Boiolt  and  compact  lavas  are  classed,  by  some  mineralogists,  with 
simple  minerals,  but  they  are  composed  of  three  or  more  simple 
minerals  closely  united : — they  will  be  afterwards  described. 

Sonie  of  the  minerals,  here  enumerated,  compose  entire  rocks; 
other  rocks  are  composed  of  an  intermixture  of  two  or  more  simple 
minerals,  either  cemented  together  by  another  mineral  substance,  or 
the  minerals  are .  crystallized  and  united  without  a  cement.  The 
different  modes  in  which  simple  minerals  are  found,  united  together 
in  rocks,  have  given  rise  to  thp  following  terms : — 
OranifiQf  composed  of  grains  or  crystals  united  without  a  cement,  as 

in.  granites,  and  some  sand-stones. 
PorphvrUiCj  coipposed  of  a  compact  homogeneous  rock,  in  which 
distinct  crystals  or  grains  are  imbedded.  The  compact  stone 
is  called  the  base,  and  sometimes  the  paste.  The  base  of  some 
porphyritic  rocks  is  granitic ;  in  this  case,  some  of  the  crys^ 
tab  are  much  larger  &an  the  rest.  ' 
Amjfgdaloidalf  containing  rounded  or  kernel-shaped  cavities,  filled 

with  mineral  matter  of  a  different  kind. 
Breceia  is  composed  of  angular  fragments  of  rocks,  cemented  to- 
gether. 
Pudding-giane  consists  of  rounded  stones  imbedded  in  a  paste.* 

Fragments  of  stone,  broken  from  simple  rocksy  display  the  struc- 
ture of  the  internal  parts.'  The  face  of  the  broken  part  is  called  the 
fracture.  This  internal  structure  may  be  denominated  the  mineral 
structure,  and  is  either 

Compact^  without  any  distinguishable  parts  or  divisions ;  or 
Earthy^  composed  of  minute  parts  resembling  dried  euth. 
Oranmar^  composed  of  grains. 
Fibrausj  composed  of  long  and  minute  fibres. 

^ ■ — ■ — - — ■ — _  - —  _  -  ■ 

*  Whe4  fragments  of  stone,  whether  angalar  or  rbanded,  are  large  aad  are 
imbedded  in  strata  of  indarated  c)ay,  sand  or  sandstone,  they  are  called  CongUm' 
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BaHaiedf  when  the  fibres  are  broader  and  flattish  and  dhrerging. 
LtmeBar  or  Fdliated,  composed  of  minute  plates  laid  over  each 

other. 
Parauii  penetrated  by  pores. 
Cdbdar^  or  Fettctilor,  when  the  pores  sweB  into  roooded  cavhiei^ 

like  bladders,  as  in  some  lavas. 
iSZaty,  or  Laminar^  composed  of  straight,  parallel,  thin  plates,  or 
lamins. 

The  stmctnre  of  eampaund  roch^  may  also  be  Slaty. 

The  external  structure  of  rocks  en  moiM,  or  considered  as  moon- 
tain  masses,  is  as  distinct  fitkn  their  internal  mineral  structure,  as  the 
shape  of  a  building  from  that  of  the  bricks  or  stones  of  which  it  is 
composed ;  though  this  distinction  has  been  generally  overlooked. 
The  external  structure  of  rocks,  as  forming  mountain  knasses,  may  be 

Stratified,  or  stratiform. 

Tabmar,  or  in  large  plates.  * 

Columnar, 

(xIobtdaTf  or  in  spherical  masses. 

MttMsive,  or  Indeterminate^  which  includes  all  imstratified  rocks 
that  have  no  determinate,  shape.  \ 

Stratified  mountains  or  rocks  are  those  which  are  composed  of 
layers  of  stone,  laid  over  each  other,  and  divided  by  parallel  seams 
like  the  leaves  of  a  closed  book.  In  these  seams-  ot*  partings,  which 
divide  the  strata,  there  are  frequently,  thin  laminae  of  soft  earthy  mat- 
ter;  but,  sometimes,  the  surfaces  of  die  upper  and  lower  stratum  are 
so  closely  joined,  that  it  requires  a  considerable  force  to  separate 
them.  These  layers  ar^  denominated  strata :  they  extend  through 
the  whole  mountain  or  mass,  their  length  and  breadth,  being  much 
greater  than  their  thickness.  If  the  thickness  of  any  stratum  exceed 
two  or  three  yards,  it  is  more  usually  denominated  a  bed ;  aqd  if  it 
lie  between  two  beds  of  stone  of  a  difl^rent  kind,  it  is  said  td  be 
imbedded.  Strata,  almost  always,  decline,  or  dip  down  to  some 
point  of  the  horizon,  and  of  course  rise  towards  the  opposite  point. 
A  Kne  drawn  through  these  points  is  called  the  libe  ot  their  dip : 
aaotfaer  Lne  drawn  at  right  angles  to  this,  mark^  the  course  aking 
which  the  strata  stretch  out  to  the  greatest  extent : — it  is  called  the 
line  of  bearing.  If  a  book  be  raised  in  an  inclined  position^  with 
the  back  resting  lengthwise  upon  the  table,  the  leaves  may  he  sup- 
posed to  represent  different  strata ;  then,  a  line  descending  frdm  lne 
upper  edges  to  the  table  will  be  the  line  of  dip,  and  their  direction 
lengthwise  will  be  the  line  of  bearing ;  and  the  angle  they  make  with 
the  table  will  be  the  angle  of  inclination.  Strata,  are, .  howeyer, 
sometimes  curved  or  bent  in  both  directions,  and  are  frequently  Jbro- 
keo ;  which  makes  it  difficult  to  ascertain  their  true  position. 

Stratified  rocks  of  sandstone^  and  beds  of  clay  ana  marl,  are  gen- 
enUy  admitted  to  have  been  deposited  by  the  turbid  waters  of  the 
s^  or  of  large  rivers  or  lakes.    These  sedimentary  depositions  are 
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arraoged  over  each  other  in  regular  layers ;  the  parUcles  or  frag- 
meDts  of  which  they  are  composed  vanr  in  size,  and  indicate 
the  different  states  of  agitation  or  repose  of  the  waters  from  which 
they  were  deposited.  It  is  proper  to  notice,  that  certain  rocks 
are  disposed  to  divide  in  parallel  seams,  in  a  diflbrent  direction  from 
that  of  the  regular  stratification :  this  results  from  the  crystalline  struc- 
ture of  the  rock.  Some  strata  appear  to  have  been  formed  by  chem- 
ical precipitation  ;  and,  not  unfrequently,  chemical  precipitation  and 
sedimentary  deposition  have  taken  place,  at  the  same  time,  and  pro- 
duced rocks'of  a  mixed  character. 

The  Tabular  ttructure  consists  of  parallel  plates  of  rock,  separa- 
ted by  regular  •  seams.  This  structure  has,  often,  been  confouoded 
with  stratification :  it  appears  to  be  the  result  of  crystallization,  and 
is  closely  allied  to  the  columnar  structure. 

The  uoZumnar  or  PrMtna^tcf^^ucture  is  peculiar  to  certain  rocks,  but 
occurs  chiefly  in  the  basaltic  and  volcanic  class.  Thick  beds  are 
divided  into  columns  or  prisms,  which  are,  most  generally,  pentago- 
nal. They,  sometimes,  form  vast  ranges  of  natural  columns,  as  at 
Stafia,  the  Giants'  Causeway  in  Ireland,  and  in  many  volcanic  coun- 
tries. Sometimes,  the  prismatic  structure  may  be  observed  forming 
detached  groups  of  columns  and  prisms,  as  represented  in  the  group 
of  columns  on  Cader  Idris.  (Plate  VII.)  A  group  of  basaltic  col- 
umns of  similar  form,  and  equally  perfect,  was  observed  by  the  au^ 
thor  on  the  side  t>f  the  volcanic  mountain  called  Gravenaire,  in  Au- 
Torgne,  tft  a  small  distance  from  the  craterL 

The  Olobtdar  structure  consists  of  globular  masses,  either  detacb- 
"•d  or  imbc^dded  in  rocks  of  the  same  kind ;  they  are  frequently  com- 
posed of  concentric  layers. 

The  terms  JUomt^e,  or  Indeterminate^  may  be  applied  to  all  un-^ 
stratified  rocks  that  have  no  regular  divisions.  Many  of  the  prima- 
ry rocks,  such  as  granite,  .porphyry  and  serpentine,  occur  in  masses 
of  enormous  thickness,  which  are  broken  by  irregular  fissures  in  ev- 
ery direction.  Thick  currents  of  lava,  which  have  filled  up  bellows 
or  vallevs,  are  also  indeterminate,  as  mieht  be  expected  from  their 
mode  of  formatiob.  Sometimes  rocks  of  granite  and  porphyry,  and 
also  of  compact  lava,  present  either  a  tabular  or  columnar  structure  ; 
but  the  structure  is  seldom  so  regular  as  in  basaltic  rocks. 
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CHAPTER  IV. 

I 

ON  STRATIFICATION,  AlfD  THE  RELATIVE  POSITION  OT  ROCKS. 

Strata  and  Geological  Fonnations  explained. — Various  Appearances  presented 
by  plane  Strata. — Appearances  presented  by  carved  Strata,  and  Errors  respect- 
ing them. — ^Distinction  between  Strata  Seams  and  Natural  Fissures  ur  Cleava- 
ges.—On  ibe  conformable  and  unoonformable  Positions  of  stratified  and  unstra- 
li&ed  RocIes.— The  Continaity  of  stratified  Rocks  broken  by  Valleys. — ^Longitu- 
dinal Valleys.— Transverse  valleys. — Lateral  Valleys. — Denudations. — On  the 
Elevation  of  Mountains  and  Moun^in  Chains. — On  the  Direction  of  Mounlaili 
Chains  in  the  new  and  old  Continents. — On  vertical  Beds  in  Mountains.-<r-On 
the  apparent  Devastation  in  Alpine  Districts. — On  the  Passages  in  the  Alps  call- 
ed Chls;  and  Observations  respecting  their  Formation.— Dififerent  Agte  of  Moun- 
tain Raatges, 

When  we  bave  ascertained  what  are  the  most  common  or  pre* 
vailing  rocks  in  a  part  of  any  country,  and  observed  that  any  ode 
stratum  or  rock  which  attracts  our  attention  is,  in  that  part  of  the 
country,  invariably  covered  by  a  peculiar  rock  or  stratum  of  a  dif- 
ferent kind,  or  invariably  covers  any  particular  stVatum;  we  hence 
learn,  that  there  is  a  cprtain  order  of  superposition,'  and  we  natural- 
ly feel  desirous  to  know  whether  the  satpe  order  is  observable  in  ev- 
ery country  where  similar  rocks  occur.  Thus,  in  the  <vale  of  Thames 
round  London^  there  is,  at  the  depth  of  a  few  feet  under  the  sur- 
face, a  dark-coloured  clay,  called  London  Clay,  much  intermixed, 
in  the  lower  part,  with  beds  of  sand.  If  we  bore  through  this  clay, 
we  shall  find  its  average  thickness  to  be  nearly  '300  feet«  When 
we  have  pierced  through  this^  we  invariably  come  to  chalk;*  and 
were  we  to  continue  to  bore  in  (he  chalk,  after  piercing  through 
many  hundred  feet  of  that  rock,  we  should  come  to  a  stratum  of 
sand  or  sandstone,  filled  with  green  particles,  and  hence  called 
Green  Sand. 

The  observer,  who  had  coDfined  his  researches  to  this  part  of  the 
countiy  only,  would  form  a  very  erroneous  conclusion,  wete  he  to 
infer  that  the  outer  crust  of  the  globe  was,  invariably,  composed  of 
London  clay,  chalk,  and  green  6and.  But,  wherever  similar  beds 
occur  together,  they  lie  over  each  other  in  (he  same  order  of  super- 
poation.  Thus,  the  London  clay  is  never  found  under  the  chalk  or 
the  green  sand. 

But,  it  is  not  always  necessary  to  bore  through  the  upper  beds  to 
ascertain  this  order;  for,  the  different  strata  scarcely  ever  occur  in  a 
flat  or  horizontal  position  :  they,  generally,  rise  in  a  certain  direction, 
dnd  come  to  the  surface,  as  represented  in  Plate  L  fig.  1.    Now, 


*  The  lower  clnr  is  by  some  geologists  denominated  plastic  clay.    See  Chap, 
XIV. 
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by  travelling  over  die  strata  from  a  to  i,  we  come  upon  the  outer 
edges  1|  2,  3,  and  may  trace  their  order  of  succession,  as  tbey  rise 
from  under  each  other.  In  ravines  and  the  escarpments  of  moun- 
tainsi  and  in  the  cliffs  on  the  sea-coast,  we  are  also  enabled  to  trace 
the  position  and  order  of  succession  of  rocks.  But,  to  do  .this  with 
tolerable  correctness,  we  must  have  an  accurate  knowledge  of  strati- 
fication in  all  its  various  possible  forms.  However  simple  the  prin- 
ciples of  stratification  may,  at  first,  appear,  this  knowledge,^  when  ap- 
plied to  practice,  is  not  of  such  easy  attainment  as  some  '  may  ima- 
inne ;  and  for  want  of  it,  geologists  of  considerable  eminence  have 
alien  into  the  most  egregious  errors.  A  knowledge  of  stratification 
is,  indeed,  of  far  greater  importance  to  the  practical  geologist^  than 
an  acquaintance  with  the  minutiae  of  mineralogy  or  conchology. 

Though  tlie  word  Stratum,  in  its  original  language,  and  by  gener- 
al acceptation  in  speaking  of  rocks,  denotes  a  bed,  it  is  convenient 
to  restrict  the  term  bed  to  a  stratum  of  considerable  thickness; 'for 
such  beds  are  often  subdivided  into  several  distinct  minor  strata,  and 
we  cannot  well  describe  a  stratified  stratum. 

When  a  series  of  strata  pf  a  similar  rock  are  arranged,  with  occa- 
sional strata  of  rocks  of  another  kind  intervening  which  recur  in  dif- 
ferent parts  of  the  series,  they  are  regarded  as  having  been  all  form- 
ed, nearly  at  the  same  epoch,  and  under  similar  circumstances;  |ind 
such  series  are  called,  by^  geologists.  Formations,  Thus,  the  strata 
'of  shale,  sandstone,  and  ironstone  diat  accompany  beds  of  coal  are 
caDed  the  Co(d  fomuition.  jStrata  of  different  kinds,  in  which  a 
gradation  into  each  other  is  observed,  and  which  contain  similar  spe- 
cies of  organic  remains,  also  constitute  a  geological  Formaiion,  The 
chalk  with  flints,  the  lower  chalk  without  flints,  the  chalk-marl  and 
the  green  sand  under  the  chalk,*  are  regarded  as  members  of  what 
is  denominated  th^  Chalk  formation.  The  student,  however,  must 
be  careful  to  distinguish  the  different  meaning  of  a  rockformatiorif  as 
here  described,  and  the  formtitiqn  of  a  rock  :  the  latter  term  implies 
the  mode  of  formation,  or  the  agent  by  which  the  rock  was  formed 
or  consolidated ;  whether  by  igneous  fusion,  as  beds  of  lava;  by  de- 
pbsiuoa  from  water,  as  beds  of  clay  and  sandstone ;  or  by  animal  se- 
cretion, as  beds  of  coral. 

In  order  to  obtain  a  distinct  idea  of  stratification^  in  its  simplest 
form,  let  the .  young  geologist  take  a  piece  of  pasteboard  or  thin 
wood,  say  12  inches  square :  let  him  divide  it  in  the  middle  into  two 
eaual  planes,  each  12  inches  in  length  and  6  in  breadth.  Place  one 
01  these  planes*  flat  on  a  table  with  the  ends  facing  the  north  and 
south ;  the  sides  will  of  course  be  at  right  angles,  and  face  the  east 
and,  west.  Now,  if  one  of  the  sides  be  tilted  up, — ^say  the  western 
side^ — ^we  may  suppose  the  pasteboard  plane  to  represent  a  stratum, 
rising  to  the  west  and  dipping  eastward.  The  lengthwise  directk>n 
of  the  plane  is  called  the  line  of  bearing;  and  the  declining  direo- 
don  is  called  the  line  rf  dip^  which  is  at  right  angles  to  the  line  of 
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Wring*     The  angle  at  which  the  stratum  rises  abov^.the  horizootal 
Hne  or  level  is  called  the  JncHnattom    Suppose  the  western  edge  pf 
the  pasteboard  plane  is  raised  above  the  taole,  forniin^  with  it  an  an- 
gle of  thirty  degrees ;  then,  we  saj  the  directioo  of  the  stratum  is 
north,  and  south,  its  dip  east,  its  rise  of  course  west,  and  its  ancle  of 
iQcfinatioD  thirty  degrees.    Simple  as  this  appears,  geologists  of  con^ 
aderable  eminence  have  made  the  most  palpable  mistakes,  in  defin- 
iog  stratification*    It  has  been  said  correctly,  that,  the  line  of  dip  be- 
ing, always,  at  right  angles  to  the  direction  or  line  of  bearing,  when 
the  dip  is  ^ven,  the  direction  is  known :  but  when  it  is  further  said, 
that,  if  the  direction  is  given,  the  Jine  of  dip  is  given  also,  the  asser- 
tion is  erroaeous ;  for  let  tHe  above  plane  of  pasteboard  be  again  laid 
flat  upon  the  table  in  the  same  direction,  due  north  and  south ;  and 
instead  of  tOting  up ,  the  western  edge,  if  we  tilt  up  the  eastern  we 
shall  then  have  the  same  line  of  bearing  as  in  the  first  instance,  hot 
the  dip  wip  be  west  instea4  of  east. 

It  sometimes  happens  that  a  stratum,  without  varying  its  direction, 
may  be  so  bent  as  to  dip  two  ways  in  the  same  mountain,  like  the 
doping  sides  of  the  roof  of  a  church,  or  tbe  letter  V  reversed  (a). 
(See  Plate  I.  fig.  2.  stratum  4.  and  5.)  Place  the  two  planes  of 
pasteboard  in  a  north  and.  south  direction,  and  raise  them  so  as  to 
make  tbe  upper  edges  meet;  we  shall  then  have  the  line  of  bearing 
north  and  south  as  before  and  tbe  dip  east  on  one  side  and  west  on 
the  other.  The  limestone  strata  at  Dudley  Castle  Hill  dip  on  elich 
side  of  the  hill  as  above  described.  (See  Plate  III.  fig.  4.  B.) 
When  strata  are  bent  on  each  side  of  a  n^bunuiin,  without  being 
broken  at  tbe  top,  they  are  called  saddle^haped.  A  line  traced  on 
the  surface  of  a  country,  to  designate  where  the  strata  dip  in  <^po- 
site  directionsv  has  been  called  the  anticlinal  line,  and  should  be  in* 
troduced  in  all  geological  maps,  when  it  can  be  conveniently  ascer- 
tained. ^    . 

Whatever  may  be  the  inclination  of  a  stratum,  its  true  thickness  is 
measured  by  a  line  perpendicular  to  the  upper  and  under  surface. 

If  we  take  a  number  of  similar  planes  of  pasteboard  of  difierent 
colours,  and  lay  the  undermost  a  little  indined,  and  place  another 
plane  upon  it,  with  the  upper  edge  about  an*  inch  or  more  distant 
from  that  of  the  und^r  stratum,  and  again  lay  the  others  in  succes- 
^OD  in  the  same  manner;  the . uncovered  ends  of  the  planes  wiU 
rise  from  under  each  other,  like  a  number  of  slices  of  bread  laid 
on  a  plate.  These  uncovered  edges  will  represent  the  outcrop  or 
crop  of  the  strata,  and  it  will  be  perceived  how  we  may  obuin  a 
knowledge  of  an  under' stratum  without  sinking  or  boring,  merely  by 
crossing  a  country  in  th^  line  of  the  rise  or  dip  of  tbe  strata^  When 
sbnta  are  arranged  in  this  manner,  they  are  said  to  be  in  a  conibrmr 
able  position,  (Plate  I.  fig.  1^  It  will  naturally  be  enquired  wheth- 
er the  strata  absdutely  terminate  yrhere  we  find  their  outcrop.  In 
some  instances  this  is  the  case ;  but  frequently  the  strata  are  beot  or 
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broken  in  the  line  of  their  rise,  and  the  same  stratuin  may  crop  out 
in  one  phce,  and  apt)ear  again,  farther  on,  in  the  line  of  its  rise,  as 
represented  Plate  I.  iig.  3.  We  must  be  particularly  attentive  to  this 
circumstance,  otherwise  we  may  commit  the  most  egregious  errors 
in  deHscribing  a  coontry  which  we  have  travelled  over,  where  there  is 
no  opportunity  of  seeing  a  section  of  the  strata.  Thus,  in  fig.  2., 
after  passing  over  the  beds  1,  2,  3,  4,  and  having  no  ea^  method  of 
ascertaining  the  dip,  we  may,  without  great  care,  mistake  the  beds 
4,  S,  2,  1,  as  difierent  and  lower  beds  in  the  series.  Ebel  and  ma-* 
nry  flying  geologists  have  made  this  mistake.  In.  some  instances  we 
come  suddenly  to  the  termination  of  a  whole  series  of  strata,  as  iir 
descending  the  Ck)tswold  Hills  into  the  Vale  of  Severn ;  the  lime^ 
stone  called  Roe-stone,  of  which  they  are  principally  composed,  is 
not  found  on  the  other  side  of  the  valley,  nor^in  any  part  of  Eng- 
land to  the  n<)rth-west  of  it.  Has  this  limestone  ever  extended  far- 
ther westward  ?  and  if  it  has  extended  farther,  by  what  cause  has 
it  been  removed  ?  These  enquiries  will  be  adverted  to  in  a  following 
chapter. 

To  return  to  our  pasteboard  planes,  arranged  iis  before  described, 
with  the  edges  rising  from  under  each  other  in  the. conformable  posi- 
tion. If  we  take  another  series  of  planes,  and  lay  them  flat  over  the 
outcropping  edges  ot  the  conformable  series,  we  shall  then  have  the 
unconformable  position  represented,  Plate  I.  fig.  3.  Now,  the  stra- 
ta that  cover  die  lower  stratified  class  in  England  occur  in  this  posi- 
tion ;  and  the  fdlowing  important  inference  may  be  drawn  from  it, 
namely,  that  the  under  stratified  rocks  had  been  formed,  and-  their 
strata  bifoken  and  raised  up,  at  a  period  which  must  have  preceded 
the  formation  of  the  upper  series,  by  a  considerable  interval ;  for,  tiie 
lower  series  were  evidendjr  solidified,  and,  .afterwards,  in  many  in- 
stances broken,  and  the  fractured  edges  of  the  .strata  levelled,  \mare 
the  upper  strata  were  deposited  gpon  them. 

The  most  commota  error  which  persons  commencing  the  study  of 
geology  are  liable  to  make,  is  in  mistaking  the  apparent  for  the  real 
inclination  of  the  strata.  Plate  I.  fig.  4.  will  render  this  more  intel- 
ligible than  any  description.  It  represents  a  portion  of  a  stratified 
mountain,  of  which  the  strata  have  a  considerable  dip  to  the  east. 
If  the  escarpment  or  section  be  made  in  the  line  of  bearing,  C  D, 
the  strata  will  appear  to  range  from  north  to  south,  without  any  rise 
or  dip,  and  would  be  described  by  a  young  observer,  as  being  hori- 
SEontal.  But  if  an  opening  or  section  be  made,  on  the  side  parallel 
to  the  line  of  dip,  as  at  C  C,  the  true  inclination  will  be  seen.  Any 
section,  made  in  an  oblique  direction  to  the  line  of  dip,  will  cause 
the  inclination  to  appear  less  than  the  true  one,  and  the  line  of  dip 
will  appear  to  vary  from  the  true  dip.  The  chances,  therefore,  are 
very  great  against  the  natural  section  made  in  a  mountain  presenting 
the  true  dip  and  inclination  of  the  strata.  Another  error  which  a 
person  who  does  not  attend  to  the  dip  and  direction  of  the  strata  may 
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(all  into  is,  misuikiiig  an  nnder  for  an  upper  stcatnm.  Suppoae  a  hill 
to  be  covered  with  vegetable  aot),  and,  that  a  quarry  or  pit  being 
made  in  ii  near  the  bottom,  as  at  a^  Plate  I.  fig.  1«,  the  rock  was  dia- 
covered  to  be  sandstone :  if  another  pit  were  sunk,  near  the  summit 
at  6,  which  cut  into  liemstoney  it  might  be  supposed,  because  the  .lime- 
stone is  met  with  at  a  higher  levd,  that  it  lies  over  the  sandstone  stra- 
tum, when  it  is  in  Nalitj  below  it  The  young  observer,  who  has 
not  a  dear  notion  of  this,  may  be  said  not  yet  to  have  passed  the  jpoM 
ottnonm  of  the  geologist. 

In  calcareous  ndountains  of  vast  magnitude,  as  thos^  in  the 
Swiss  and  Savoy  Alps,  the  enormous  b^s  of  Westooe  are  often 
intersected  by  regular  seams,  which  cut  through  the  whole  bed,  in  a 
direction  nearly  perpendicular  to  that  of  the  true  strata  seams,  or 
ouilEe  very  oblique  angles  with  them.  These  partings  oit  seams  are 
sometimes  nearly  vertical,  ,when  the  sti'ata  are  almost  horizontal.  The 
cli£  and  escarpments  of  these  mountains  being  lofty,  and  much  ex- 
posed to  the  action  of  the  atmosphere,  the  vertical  seams  eolai-ge^  and 
are,  often,  more  conspicuous  than  the  strata  seams ;  hence,  without 
great  attention  the  observer  may  desciibe  the  strata  of  a  mountain  as 
being  perpendicular,  when,  in  reality,  they  are  nearly  horizontal.  To 
add  to  die  difficulty,  it,  veiy  frequently,  happens,  that  a  calcareous 
depoetdon,  like  a  coat  of  plaster,  covers  the  face  of  a  rock :  dfis  has 
been  formed,  by  moisture  running  over  the  surface,  and  depositing 
calcareous  parades  upon  it.  This  deposiuon,  sometimes,  conceals 
the  partings  or  seams  of  the  stratification,  as  coD|pletely  as  a  coat  of 
plaster  covers  the  rows  of  brick  in  a  building.  The  vertical  seams 
Of  partings  are  also  sometimes  open,  and  sometimes  form  parallel 
ridgea^  which  effice  thq  appearance  of  the  strata  seams  in  one  part 
of  a  rock,  but  not  in  the  other ;  and  in  such  instances  we  have  -a 
mountain  mass  in  which  the  strata  are,  apparently,  pardy  horizontal 
and  pardy  vertical.  See  Plate  I.  fig.  5.  Inattention  to  this  circum- 
stance, I  am  convinced,  has,  sometimes,  deceived  the  eye  of  M. 
Sauasure,  one  of/  the  most  diligent  and  accurate  of  observers. 

The  regular  partings  or  cleavages  in  many  slate  rocks  which  inter- 
sect the  beds,-  nearly  at  right  angles  to  their  dip  or.  inclination  (See 
Plate  III.  fig*  1.  dd)^  have,  often,  been  mistaken  for  strata  seams,  and 
bave  led  geologists  of  some  eminence  to  draw  very  erroneous  infer- 
ences. The  thick  beds  of  transition  or  mountain  limestone  which 
compose  a  great  part  of  Ingleborougb,  and  other  adjacent  mountains 
in  the  district  called  Cravon,  in  YorksbirjB,  generally  dip  at  a  mode- 
rate inclination  towards  the  south-east ;  the  lower  beds  rest  on  coai*8e 
slate,  which  has  in  reality  the  same  inclination  as  the  limestone,  but 
as  the  under  part  of  the  slate  is  often  concealed,  the  vertical  partings 
are  mistaken  for  strata  seams.  This  limestone  is  described  by  Pro- 
fessor Piaylair  as  resting  on  vertical  beds  of  slate;  and, he  draws 
several  important  conclusions  respecting  the  elevation  of  the  beds  of 
shfie,  and  its  action  on  the  superincumbent  beds  of  limestone ;  where- 
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as  a  more  extended  survey  of  tbe  district  would  have  shown  hiiD, 
that  the  sla'te  rocks  rest  oo  other  beds,  which  have  the  same  inclina- 
tioD  as  the  limestone  above  them,  and  thdt  the  slate  and  limestone  are 
conformable. 

The  modes  of  stratification  which  we  have  been  considering  are 
those  of  plane  strata ;  but,  iq  many  situations,  particularly  in  the  Alps 
and  the  Jura  chain,  Uie  strata  are  curved  and  beat  round  tbe  moun* 
tains,  encircling  them  like  a  mantle.    Tb«  ravines  and  escarpments, 
according  to  tbe  position  in  which  tb«  sections  have  been  made,  pre**- 
sent  the  most  varied  ibrms  of  stratification  in  the  same  mountain.    In 
one  party  tbe  strat*  will  seem  to  rise  almost  vertically ;  in  another,  to 
be  nearly  horizontal ;  and  in  a  third,  to  be  deeply  curved :  and  this 
will  depend,  muph,  on  the  relative  position  of  the  observer,  whether 
be  be  plac^  on  one  side,  or  in  the  face  of  the  escarpment.     Sup- 
pose a  transverse  section  to  be  made  through  a  mountain  in  the  direc- 
tion a  if  (Plate  I.  fig.  6.)  it  would  show  the  true  position  of  the 
arched  strata :  'but  if  we  suppose  a  section  to  be  made  only  on  the 
side  c  d,  an  observer  would  see  the  face  or  escarpment  on  that  side, 
with  the  edg^s  qf  the  strata  lying  horizontally,  and  might  describe 
them  as  horizontally  stratified,  were  he  to  view  no  other  part  of  the 
mountain.    In  some  situauons,.  th6  fracture  made  in  the  arched  stra- 
tification iis  much  broken,  and  we  have,  on  the  side  of  the  same 
mountain,  the  appearance  both  of  horizontal  and  greatly  inclined  stra- 
tification.    An  instance  of  this  occurs  near  the  Lakb  of  Bourget  io 
Savoy.    Plate  II.  fig.  1.  represents  the  appearance  of  strata  on  tbe 
tfide  of  a  mountain,  which  has  the  arched  stratification  before  descri- 
bed ;  but  the  outermost  strata,  instead  of  enfolding  the'  whole  moun- 
tain, only  cover  the  southern  side,  and  are  broken  off  at  the  summit 
in  a  line  nearly  parallel  with  it,  and  their  edges  present  the  appear- 
ance of  horizontal  strata',  a  a.     Lower  ^own  the  mountain,  part  of 
the  under  strata  have  fallen  off  in  a  sloping  direction,  and  their  pro- 
jecting edges  present,  at  a  distance,  the  appearance  of  hichly  incli- 
ned strata.    This  may  be  further  illustrated  by  taking  a  half  cylinder, 
or,  for  want  of  that,  a  thick  book,  and  opening  it  a  litde;  place  it 
with  tbe  edges  upon  the  table,  and  the  back  uppermost ;  cover  the 
book  or  half  cylinder  with  a  number  of  folds  ot  paper  of  different 
colours, — ^these  will  represent  arched  strata.     Cut  across  the  outer- 
most folds  along  the  back,  and  take  away  the  other  half;  the  edges 
of  the  paper  will  represent  those  6f  the  upper  strata,  and  their  posi- 
tion will  appear  to  be  horizontal.     Cut  away  the  corners  of  the  un- 
der sheets  a  little  behind  each  other,  so  that  the  edges  of  each  col- 
oured sheet  may  be  visible,  and  these  will  represent  the  appearance 
of  highly  inclined  strata,  and  they  have  frequently  been  mistaken  for 
sucb*    The  young  geologist  may  greadv  facilitate  the  study  of  stra- 
tification, by  laying  coloured  planes  of  any  soft  and  yielding  sub- 
stance over  each  other,  and  inclining  them  in  various  positions ;  then 
let  him  make  sections  m  different  directions  with  a  knife,  and  also 
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carve  out  hollows  representing  valleys,  cutting  through  inclined  strata 
at  various  angles  with  the  line  of  dip  and  line  of  bearing :  by  this 
means,  be  may  gain  a  mpre  correct  idea,  of  the  varied  phenomena  of 
stratification,  both  in  mountains  and  valleye,  than  the  most  elaborate 
descriptions  can  convey. 

The  appearance  of  contorted  stratification,  in  the  calcareous  moun- 
tains of  the  Alps,  is  freqtiently,  an  optical  illusion.  Strata,  which 
have  ofiginally  enfolded  a  mountain  like  the  coats  of  an  onion,  have 
fallen  off  in  curved  lifies,  leaving  waving  edges,  overlapping  each  oth- 
er, as  represented  Plate  II.  fig.  5.  Suppose  indented  sections  were 
made  in  the  side  of  an  onion,  tbeedges  of  the  different  indented  rinds 
would  present  similar  contortions^  , 

Inequalities  iq  the  general  curvature  of  the  beds  may  have  occa- 
sioned them  to  break  off  in  this  manner.  The  Mantagne  ifa  TViilie, 
near  Montmelian,  in  Savoy,  of  whjch  a  plate  is  given  in  the  third  vol- 
ume of  Saussure's  Voyages  darts  Us  Alps^  offers  an  instance  of  thb 
apparent  contortion,  which  Saussure  considers  as  almost  inexplica- 
ble. I  examined  this  mountain  from  various  stations  with  much  at- 
tention, and  am  convinced  that  the  contortions  are  only  illusory,  and 
are  not  like  the  real  contortions,  which  the  lower  beds  of  transition 
limestone,  in  this  country,  frequently  present  on  a  small  scale.  In 
certain  situations  in  the  Alps,  however,  the  strata  have  evidently 
been  raised  by  some  violent  convulsion,  and  have  been  bent  by  the 
resistance  which  they  have  offered  to  the  moving  cause.  Of  this  a 
remarkable  instance  may  be  seen  in  the  Baltenberg  mountain,  at  the 
head  of  the  lake  of  Brientz,  of  which  I  have  .given  a  description  and 
drawing  in  the  second  volume  of  my  Travels  in  the  Tarentaise. 

The  strata  of  secondary  rocks  belonging  to  the  same  formation, 
frequently  preserve  nearly  the  same  thickness  for  a  considerable  ex- 
tent, and  are  arranged  Conformably  over  each  other,  except  in  situa- 
tions where  their  regularity  has  been  disturbed  by  rents  or  fractures. 
In  these  secondary  conformable  strata,  the  order  in  which  they  suc- 
ceed each  other  indicates  their  relative  ages;  but  this  rule  cannot  be 
extended  to  all  classes  of  rocks'. 

No  inference  can  at  first  appear  more  legitimate  than  this: — ^'  The 
rock  which  supports  another  must  be  older  than  that. which  rests  up- 
on it,  if  their  original  position  has  not  been  changed."  But  this  con- 
clusion, when  examined  with  attention,'  will  fairly  adroit  of  doubt, 
with  respect  to  those  rocks  which  are  crystalline  like  the  primary. 
These  were  either  formed  by  chemical  affinity  from  a  state  of  solu- 
tion, or  by  crystallization  from  a  state  of  fission : — If  by  the  latter 
mode,  all  the  dififerent  beds  may  have  been  arranged  at  the  same 
time,  and  the  upper  and  lower  rocks  may  have  a  cotemporaneous 
origin.  If  a  mass  of  melted  matter,  from  a  furnace,  cool  slowly,  the 
internal  and  external  parts  will  vary,  both  in  their  physical  and  chem- 
ical properties;  but  it  cannot,  on  this  account,  be  said  that  the  lowei: 
part  is  older  than  the  upper.    But»  strata  deposited  by  water  were, 
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evidently,  formed  after  the  rocks  on  wUcb  ihej  rest.  Eren  were 
we  to  adroit  tbe  subse^aent  fusion  of'  graniie,  it  obvioudj,  preexist- 
ed^ in  another  forra,  as  a  substratum  of  the  upper  rocks,  as  these 
fhust  always  have  had  a  fouadation.  It  has  bqen  before  observed, 
that  those  rocks  which  contain  different  species  of  organic  remains, 
separated  by  strata  in  which  no  such  remains  occur,  must  have  been 
formed,  in  succession,  over  each  other,  and  probably  at  very  distant 
intervals  of  time.  This  inference  appears  conclusive,  nor  can  it  be 
invalidated,  by  the  crystalline  arrangement  and  cleavage  of  some  of 
those  rbcks.* 

Rocks,  pf  the  primary  class,  frequently  coveir  each  otlier  in  an  or- 
der, which,  viewed  on  a  grand  scale,  may  be  said  to  be  conforma* 
ble ;  but,  the  different  rocks  in  each  class  are  generally  of  such  vast 
and-  irregular  thickness,  that  their  order  of  succession  is  often,  not 
easy  to  trace :  besides,  some  of  these  rocks  pass,  by  a  change  of 
structure,  into  each  other,  and  their  line  of  junction  or  separation 
can,  seldom,  be  observed.  Viewed,  however,  as  composing  moun- 
tain chains,  Che  more  general  arrangement  is  represented  I^ate  III. 
fig.  1^  Granite,  or  the  foundation  rock,  a;  gneiss,  6;  mica  slate, 
c;  common- islate  (called  clay  slate) ;  d  d»  The  transition  series, 
e  e.  The  lower  strata  with  <:oal,  f  r.  A  bed  of  limestone,  or  any 
other  rock,  in  a  slate  mountain,  is  represented,  or  x:-  in  this  position 
it  is  said  to  be  imbedded;  and  if  a  number  of  these  beds  occur,  at 
dijflferent  intervals;  they  are  said  tOibej^bqrdinate.  A' bed  of  con- 
glomerate, composed  oF  bowlders  and  fragments  of  the  lower  rocks, 
us  at  G,  is  frequently  interposed,  between  slate  rocks  and  transitk» 
limestone.  -  ' 

.  The  iHnconformable  position  of  unstratified  rocks  is  represented 
Plate  in.  fig.  2.,  Where  a  mass  pf  porphyry  a,  ranging  from  c  fo  c, 
covers  the  rocks  1,  2,  3,  without  any  conformity  to  the  ihclinlation  or 
form  of  the  lower  beds.  The  lower  beds  are,  however,  cut  through 
by  veins  of  porphyry,  which  indicate  that  the  porphyry  had  been 
erupted,  in  a  melted  staie;  through  these  veins,  aAd  poured  over  the 
surface  of  the  lower  rocks.  A  similar  arrangement  of  porpbyiy, 
which  occurs  in  Norway,  will  be  described  in  iCbap.  IX. 
.  Basalt,  either  massive  or  columnar,  frequently,  covers  rocks  in  an 
unconformable  position.     Se6  Plate  III.  fig.  2.  b,  i2,  and  6. 

The  superincumbent  rocks,  in  this  situation,  are  evidently,  of 
more  recent  origin  than  those  which  they  cover :  the  lower  must 
have  been  hard  and  unyielding,  when  the  upper  were  thrown  upoa 


_  ^ 

*  We  have  reason  to  believe  that  mlmv  rocks  which  present  no  indications  of 
stratificatioui  were,  originally,  arranged  in  regular  strata.  In  some  limestone 
rocks,  ^here  the  stratification  is  extremely  well  defined  by  distinct  partings,  there 
occur  spaces  in  which  different  strata  are  blended  into  one  mass,  lliese  masses 
are  called  by  the  quarrymen,  knobs,  and  are  more  hard  and  difficult  to  work  than 
the  stratified  limestone,  but  are  equally  good  in  quality. 
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thein»  If  a  thick  stream  of  lava,  as  frequently  happens,  were  to  flow 
over  il  ran^e  of  conformahle  rocks,  filling  up  the  cavities  and  inequal- 
ities of  the  surface, — when  it  became  bard  by  cooling,  it  would  form 
a  bed  of  superincumbent  unconformable  rock.  Such  instances  are 
common  in  volcanic  countries.  Very  extensive  ranges  of  rocks  and 
mountains  occur,  in  this  position,  in  various  parts  of  the  world,  not 
otiy  covering  the  primary,  but  the  secondary  rocks.  These  wUI  be 
hereafter  described,  under  the  name  of  porphyry,  sienite,  and  ba- 
salt. They,  Trequently,  assume  the  columnar  structure,  and,  sotne- 
times,  form  vast  ranges  of  natural  pillars ;  as  at  Staffa,  one  of  the  He- 
brides, on  the' north  coast  of  Ireland,  in  Iceland,  Sicily,  and  many 
volcanic  countries. 

Having  described  the  position  of  both  stratified  and  unstratified 
unconformable  rocks,  it  may  be  proper  to  state,  that  the  latter  rOcks 
occur,  <;overing  primary,  transition,  secondary,  and  tertiary  strata : 
many  of  those  which  cover  the  secondary  and  tertiary  seem,  evident- 
ly^  to  have  been  the  products  of  subterranean  fire ;  and  even  those 
which  cover  the  primary  and  transition  rocks  bear  a  close  affinity  to 
volcanic  rocks.  If  we  admit,  that  our  loftiest  ranges  of  mouutaias 
were  elevated  by  the  expansive  force  of  central  fires,  this  power, 
acting  upon  an  extensive  portion  of  the  globe,  might  be,  ages,  in  up- 
heaving the  incumbent  surface,  which  would  continue  to  rise,  until 
vast  fissures  were  made,  through  which  the  subterranean  melted 
matter  would  be  thrown  over  the  mountains  and  plains  then  existing^, 
and  form  the  superincumbent  rocks  of  basalt,  porphyry,  and  sien- 
ite, that  seem  to.be  so  nearly  allied  to  volcanic  products.  While 
one  part  of  the  surface  was  rising,  another  part  would  sink,  and 
form  a  new  bed,  ifito  whidi  the  waters  of  the  ocean  would  gradual- 
ly retire.  . 

According  to  Humboldt,  the  extraordinary  eruptions  by  which 
new  islands  have  been  formed  ^ince  the  period  of  authentic  history, 
have  been  preceded  by  a  swelling  of  the  softened  crust  of  the  globe. 
At  Kamenoi,  the  new  island  made  its  appearance  above  the  sea, 
twenty-six  days  before  the  smoke  was  visible.  "  Every  thing  indi- 
cates that  the  physical  changes  of  which  tradition  has  preserved  the 
remeonibrance,  exhibit  but  a  feeble  image  of  those  gigantic  catastro- 
phes which  have  given  mountains  their  present  form,  changed  the 
position  of  the  rocky  strata,  and  buried  ;sea-shells  on  the  summit  of 
the  higher  Alps.  It  was  undoubtedly  in  those  remote  times  which 
preceded  the  existence  of  the  human  race,  that  the  raised  crust  of 
the  globe  produced  those  domes  of  trappean  porphyry,  those  hills  of 
isolated  basalt  in  vast  elevated  plains,  those  solid  nuclei  covered  with 
the  modem  lavas  of  the  Peak  of  Teneriffe,  of  ,Ema,  and  Cotopaxi.^ 
— Humboldt. 

To  these  great  caustrophes,  and  to  vast  inundations,  and,  id  some 
cases,  to  submarine  currents,  must  we  ascribe  many  inequalities  of  the 
earth's  surface,^the  firacture  of  strata,  and  the  transport  of  the  brok- 
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en  fMiBses  and  firagnients  into  .distant  countries.  The  fbrmatioDof 
valleys  constitutes  an  important  subject  of  geological  vesearch :  it 
will  be  reserved  for  a  subsequent  part  of  the  voktme ;  but  it  majr 
be  useful  to  state  to  the  geological  student,  that  all  stratified  moun- 
tains are  only  parts  of  extended  strata,  with  which  they  were  odc% 
united. 

This  will  be  more  distinctly  understood,  by  consulting  Plate  IV. 
fig.  (I..,  which  is  intended  to  represent  the  general  rise  of  tbe  strata 
from  Sheffield  in  Yorkshire  to  Castleton  in  Derbyshire,  intersected 
by  the  vaUey  through  which  the  river  Derwent  flows. 

The  tqwn  of  Sheffield,  fig.  1.,  is  built  over  coal  strata,  wfalofa  rise 
towards  the  west,  and  disappear  in  that  direction  about  five  miles 
firom  Sheffield  (2).  Here,  the  under  rock  makes  it.appearanQO  (.3), 
which  is  a  bed  of  coarse  gritstone,  more  than  one  hundred  and  twen- 
ty yards  in  thickness,  forming  this  summits  of  all  the  mountains  as 
you  advance  to  the  vale  of  Derwent  (4)«  The  £rit«rock  rests  <upoo 
e  thicker  bed,  of  a  different  kind,  composed  chiefly  of  slaty  aabd^ 
atone,  represented  (5).  On  the  western  side  of  the  valley^^  die  giitr 
yook  (3)  exists  only  as  a  cap  or  covering  on  Wbin«HilV  a  lofty  inouo* 
jtain,  marked  (6).  Two  miles  farther  west,  tlie  grit-rock  disappears, 
4md  the  slaty  sandstone,  which  is'the  base  of  Whin<-Hill,  forms  the 
Hummit  of  the  celebrated  Mam  Tor,  or  the  Shivering  Mountaia* 
ThoimQuntain  limestone  (7)  here  makes  its  appearance  as  the  base 
of  Mam  Tor,  and,  farther  west,  tbe  same  limestone  forms  e;ntioa 
mountains.  The  difference  observable  in  the  rocks  east  and  west  of 
the  Derwent,  is  owing  to  the  general  rise  of  the  strata  in  tbe  latter 
lUredion. 

It  is  here  obvious,  that  Whin-Hill,  though  it  appears  an  isohleil 
mountain,  is  only  a  portipn  of  the  thick  beds  of  gritstone,  and  riaty 
sandstone,  on  the  other  side  of  the  valley. 

It  deserves  notice,  that  isolated  caps,  like  that  on  the  top  of  WUb 
Hill,  fig.  1.,  (6.)  often  occur  where  we  can  trace  no  similar  rocks  in^he 
.vicinity;  they  are,  sometimes,  the  only  remaining  relics  of  a  stratum 
that  has  been  destroyed,  and  removed  by  some  of  tbe  great  catas^ 
Ironbes.that  have  changed  the  surface  of  the  globe. 

VFben  valleys  take  the  same  direction  as  that  of  a  range  of  soooir 
iams,  they  are  cMed  longitudinal  valleys;  wiien  they  cut  thnOu^  a 
ffange  of  mountains,  they  are  called  transversal  valleys:  in  tlie  lat- 
iler  .case,  the  strata  on  each  'side  of  the  valley  are  genreally  tbe 
.aame« 

The  small  valleys  which  open  into  a  larger  valley,  dearly  at  right 
Angles  to  it,  are  called  lateral  valleys.  In  some  pare  ii^tances,  a^dr 
ley  is  formed  by  the  bending  of  the  strata,  which  make  a  trough  as 
represented  Plate  I.  Fig.  2.  c. 

When  .considerable  tracts  of  the  upper  strata  are  wamiog,  as  be- 
Meeo  Ay  B,  Piate  I.  Fig.  2.,  it  is  supposed'that  tbe  lower  -strata  has« 
•hfiflD  laid  bare, .by some  eonv4ilsion  that  has  toraoiff and canried ^amof 
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cbe  strtta  bj  wUeh  tliey  were  ooeo  corered :  tbis  coastitutes  wiMt>  h 
catted  9  deimdKtioii.  lostaoeM  of  such  daimdations  are  of  fraq^nt 
ocearreuce*  - 

Momamsy  except  those  formed  bj  volcanoes,  are  seldom,  isob- 
ted  masses  rising  from  a  plain,  but  they  form  groups,  or  ai^e  arranged 
together  id  a  certain  direction,  and  compose  long  and  lofty  ridges,.  de» 
nominated  mountain  chains.  Lower  ranges  of  roountams,  running 
ia  the  same  direction  as  the  principal  range,  and  separated  by  vatteya 
of  greater,  or  less  width,  may  be  observed  accompanying  almost  ail 
very  lo%  mountatii  chains*  This  £eict  appears  to  indicate  the  opera* 
tionrof  a  powerM  devatmg  force,  acting  in  one  direction  along  a  car* 
tain  line,  and  decreasing  in  intensity  as  the  distance'  from  each 
of  this  line  increases ;  but,'  this  action  does  nof  appear  to  extend 
eqoal  force  on  both  sides  of  the  line,  for  the  smaller  chaios  parafld 
to  the  great  chain  are  seldom  so  numerous  on  one  side  of  it  as  on  the 
other*  The  principal  moimtain  chain,  if  very  large,  has  its  sides  fiiiw 
rowed  bv  smaU  lateral  vaUeys,*  and  has  bees,  not  unaptly,  codkpaied 
to  a  bacK  bone  or  spine,  with  diverging  ribs. 

The  dispe  of  many  countries  apd  islands  is,  evidently  determined 
by  the  direction  of  die  grand  mountain  chains  that  run  throbgfa  them; 

The  principal  monntains  in  Europe  and  Aflia^  when  viewed'  on  a 
kt^e  scale,  may  be  coosidered  as  forming  a  mountain  chain  eonipo«' 
sed  o£  numerous  mountain  groups,  and  extending,  in  an  easteiify  di*- 
recttoo,  from  Cape  Finisterre  in  Spain,  to  the  most  eastern  extremi- 
ty of  Asia.  Variotis  parts  of  this  chain  receive  di^rent  denomina* 
tione  in  die  difierent  countries  through  which  they  pass*  The  Py- 
reneesy  the  Alps,  Mount  Taurus,  Mount  Caucasus,  the  Altaic  and 
ilie  Hknmaleh  mountains,  and  the  Yabblonnoy  mountains  of  Tartary, 
which  extend  nearly  to  Bdiring's  Straits,  may  be  regarded  as  form- 
ing, together,  one  immense  mountain  cbaitf,  and  dividing  the  novtb«> 
em  from  the  soulbem  dryland,  both  in  Europe  and  Asia. 

b  North  and  South  America,  one  unbroken  chain  of  mountains^  runs 
m  9  northeriy  and  southerly  direction,  for  eight  thousand  miiee,  near 
the  western  side  of  that  vast  continent,  and  with  some  minor  diverg- 
ing chains,  has  evidendy  determmed  the  general  outline  of  both  coun«- 
triesk 

A  remarkable  similarity  occurs  in  the  position  of  ^the  escarpments^ 
or  sleep  sides  of  mountains,  in  the  same  mountain  range.  Varioos 
opinions  have  been  formed  respecting  the  law  which  the  positiea^af 
the  encarpinents  appears  to  foUow,  but,  I  believe  the  rule  I  submitted 
to  the  attention  of  geologists  in  the  first  edition  of  this  woric,  wiU  be 
feimd  to  approximate  to  the  truth. 

Moontam  chabis  or  ranges  present  the  steepest  declivities  on  the 
sides  nearest  to  the  sea.  This  is  remarkably  the  case  in  the  long 
chaiar  of  the  Alleghany  mountains  on  the  eastern  side  of  America, 
which  are  steep  towards  the  Atlantic.  On  the  contrary,  the  Rocky 
Moonioios,  vrhich  run  near  the  northwest  coast,  and  the  Andes,  near 
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the  flouthern  PaoiBc  Ocean,  are  steepest  on  their  western  side.  In 
ranges  of  mountains  that  form  the  boundaries  of  lakes  or  of  extensive 
vales,  through  which  large  rivers  flow,  the  mountains  nearest  to  the 
rivers  have  the  steepest  declivities.  The  largest  rivers  have  their,  ori- 
gin from  the  sides  of  mountains  which  are  most  inclined  to  the  hori- 
zon, and  most  remote  from  the  sea. 

The  heds  or  surata  of  very  lofty  mountains  are,  generally,  much 
inclined,  and  are  sometimes  nearly  vertical.  Among  these  highly 
inclined  beds,  we,  not  unfreqently,  observe  beds  of  limestone  con- 
taining marine  shells,  which  must  have  been  originally  deposited  at 
the*  bottom  of  the  ocean.  In  some  instances  we  meet  with  vertical 
strata  containing  rounded  pebbles  and  water-worn  fragments  of  other 
rocks;  these  must  also  have  been  originally  deposited  on  a  surface 
nearly  horizontal :  we  are  therefore  certain,  that  the  present  vertical 
position  of  these  strata  is  not  their  original  one,  and  we  hence  also 
Jearn,  that  all  the  strata  associated  with  them  in  the  same  mountain, 
and  h&ving  the  same  inclination,  w<ire  raised  together.  We  have 
further  proof  that,  before  the  epoch  when  this  great  revolution  was 
eflfected)  all  these  beds  were  covered  by  the  seas  then  existing,  and 
it  was  under  the  ocean  that  the  change  of  position  took  place. 

No  person  ^ho  reflects  on  the  appearances  presented  in  a  moun- 
tainous district  can  believe  that  the  broken  and  elevated  beds,  the 
peaked  summits,  the  impending  cliffs,  and  the  immense 'fragments^of 
rock  scattered  in  the  valleys  and  adjacent  countries,  were,  originally, 
created  and  placed  as  we  now  observe  them. 

The  traveller,  who,  in  crossing  an  extended  desert,  should  meet 
with  the  remains  of  some  unknown  temple,  could  not  for  a  moment 
doubt  that  the  broken  anil  prostrate  columns,  the  mutilated  arches, 
the  scattered  capitals  and  inscriptions,  had  been  removed,  by  some 
devastating  cause,  from  their  original  position ;  nor,  is  the  proof  less 
certain,  that  the  rocky  pavement  of  our  globe  has  been  broken,  and 
its  parts,  which  were  once  united,  widely  separate,d  from  each  other. 
l^me  of  the  phenomena,  .observed  in  mountains,  were  produced  by 
the  disturbing  force  which  first  elevated  them;  others  were  subse- 
quently effected,  either  by  vast  inundations,  or  by  torrents,  that  have 
lorn  i^way  considerable  portions  of  the  softer  beds,  or  by  the  more 
gradual  decomposTition  and  disintegration  produced  by  atmospheric 
influence ;  by  the  latter  cause,  the  lofty  and  exposed  peaks  and  es- 
carpments ot  rocks  are,  constantly,  wearing  down. 

During  the  two  summers  I  passed  in  the  Alps,  I  waamuch  struck 
with  the  circumstance  that  all  the  great  openings  or  passages  over 
these  mountains,  called  Cols,  were  made  by  excavations  in  beds  of 
soft  slate ;  and  the  fact  I  think  admits  of  an  easy  explanation,  but  I 
do  not  know  that  it  has  been  before  remarked  by  geologists. 

If  we  suppose  a  portion  of  the  Alps  to  be  represented,  Plate  II. 
Fig.  3.  the  dotted  lines  above  the  present  surface  will  mark  tbe  sup- 
posed original  prolongation  of  the  different  beds,  at  the  period  when 
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tbey  were  raised.  As  the  ocean  from  which  these  beds  were  rai^d, 
must  have  been  agitated  with  iocoDceivable  violence,  the  retiring  wa- 
ters would  scoop  out  deep  excavations  in  the  softer  beds  of  schist, 
and  also  tear  off  many  of  the  vertical  plates  of  the  hardest  rocks,  and 
form  the  rudiments  of  those  pyramidal  peaks  and  aiguille^,  •  which 
rise  like  the  spires  of  a  Gothic  cathedral.  Mountain  torrents,  cau- 
sed by  thunder  storms  or  the  sudden  melting  of  alpine  snow,  may 
have  subsequently  torn  away  large  portions  both  of  the  harder  and 
softer  beds :  the  disintegration  of  the  granitic  aiguilles,  which  are  ex- 
posed to  the  influence  of  atmospheric  agency,  is  daily  taking  pla^e, 
and  their  ruins  are,  every  day,  filling  on  the  surface  of  the  glaciers, 
and  are  carried  down  into  the  valleys :  their  peculiar  forms  are  deri- 
ved from  their  laminated  .structure,  which  disposes  them  to  split  in  a 
vertical  direction.* 

It  is  important  to  observe,  that  different  groups  and  ranges  of  moun- 
tains have  been  elevated,  at  different  and  remote  epochs,  and  the  birth 
of  different  parts  of  the  same  continent  was  not  coeval :  the  more  lofty 
parts  constituted  separate  islands,  before  the  whole  surface  emerged 
from  the  ocean.  Satis(actory  evidence  of  this  will  be  adduced  in  a 
subsequent  part  of  this  work :  it  is  sufficient  to  the  present  purpose 
to  state,  that  the  ocean  has  covered  all  that.is  now  dry  land,  but  not 
at  the  same  epoch. 


*  Plate  II.  Fig.  3.  represents  the  general  position  of  the  heds  near  the  Col  de 
Balme  and  Mont  Blanc;  a  ap,  alternating  beds  of  sandstone  andJi^nestqne ;  b  ft,  ele- 
vated beds  of  paddingscone,  containing  rounded  stones  and  jfragments  of  the  low- 
er rocks ;  c  e,  soA  slate,  in  which  a  passage  or  col  is  formed  ]  ddd^  vertical  gran- 
itic beds  rising  in  pyramidal  forms,  called  Aiguilles  or  Needles. 
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CHAPTER  V. 

ON    ROCKS  DENOMINATED    PRIMARY,   AND   THE    CHANGES   TO  WH^CK 

THET  HATE   BEEN   SUBJECTED. 

• 

The  Origin  of  Rocks  called  Piiraary.  belieired  by  maiiy  GeologisfB  to  be  igne- 
oitB.*-A  Clsssifieatloii  fomded  o&  tois  View.— A  Classifieatiou  independent  of 
Theory  .--Constituent  Minerals  of  Oranite. — ^Varieties  of  Granite.--Stracture 
and  Appearance  of  Granitic  Mountains.— Mont  Blanc,  and  the  Aifoilles  in  its 
Vieinity.-^Localities  of  Gnmite.-— Granite  yeia8.p— Passive  of  Granifte  into 
Porphyry  and  ^enite. — ^Minerals  foand  in  Granite,— On  Granite  as  the  Foon- 
dation  Block  on  which  other  Rocks  are  laid. — The  relative  Antiouity  of  differ- 
ent Granitic  Moantain  Ranges. — Granite  pierced  through  by  Forphyry  and 
CttrreAts  of  Lav&^-C^raBitesometinies'piotmdcd  among  tie  npper  Strata. 


'  in  deicribing  the  different  da$tes  of  roekf  toe  may  dlher  eomm/tnc€ 
wUh  ike  lowest  or  most  ancient f  or  with  the  uppermost  or  most  r^cont; 
but  1  am  persuaded  that  the  student  wiUfind  U  «os<  conpenisnt  to  he-- 
gin  with  the  lowest  and  proceed  in  an  ascending  series  to  the  upper- 
most. The  rocks  called  primary  have  distinctly  marked  minerM  char- 
ractersj  and  contain  few,  if  any^  organic  remains.  As  the  student 
jproceedsy  he  may  trace  the  first  indications  of  organic  existence^  and 
in  ascending  to  the  upper  roeksj  he  wiU  observe  the  gradual  increase 
of  genera  and  species  that  have  left  their  remains  in  the  different 
beds;  in  some  cases  indicating  great  changes  in  the  condition  of  parts 
of  the  globe,  as  from  sea  to  land,  or  from  salt  water  tofreshfOrfrom 
deep  to  shallow  sea.  If  the  student  begin  xmth  the  more  recent  or 
uppermost  strata,  he  unllfind  them  difficult  to  recognize  by  fixed 
snineral  characters,  and  he  wUl  be  confused  by  the  variety  of  organ- 
ic species  presented  to  his  notice,  but  from  which  he  can  derive  little 
instruction  untU  he  is  able  to  compare  them  with  the  fossil  remains  in 
the  lower  strata.  In  the  geological  description  of  a  particular  coun^ 
try  or  district,  it  may,  often,  be  more  convenient  to  commence  with  the 
beds  nearest  the  surface,  and  proceed  in  a  descending  series,  but 
then  the  reader  is  supposed  to  be  already  acquainted  with  the  sdr 
ence. 

Ir  any  rocks  can  with  propriety  be  denominated  primary  or  prim- 
iuve,  they  are  those  which  are  roost  widely  spread  over  the  globe  in 
the  lowest  relative  situation,  and  which  contain  no  remains  of  organic 
existence.  Primary  rocks  are  supposed  by  geologists  to  constitute 
the  foundation  on  which  rocks  of  all  the  other  classes  are  laid  ;  and 
if  we  take  an  enhirged  view  of  the  structure  of  the  globe,  we  may 
admit  this  to  be  the  fact,^4)ut  the  admission  requires  certain  limita- 
tions.   The  same  causes  that  have  produced  granite  and  the  odier 
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jvioaiy  roekst  in  kamesBe  iD«»e8  bekw  all  oilier  rocks,  have  id 
some  sitiftUoDS,  jnoprodueed  ihem  io  JOiaHer  massofl!}  coveriog  roeka 
kloDging  lo  tlje  iraosUioD  or  seooD^ary  classes. 

Granite,  for  iDstaace,  which  has  been  regarded  as  the  most  an* 
deat  of  aU  known  rocks,  has  bees  someuiaes  fouod  coveriog  secon- 
dary  rocks,  *od  ao/netiiDes  obtruded  betweea  .tbem.  Facts  of  this 
kind  lie  rare,  asd  cao  be  expMoed  only  by  adoiittiDg  that  granite, 
Jik^  folciuuc  rocka,  has  ooce  been  ^  a  state  of  fusion,  and  was  pro- 
traded  in  this  state  through  the  upper  rocks*  IKmtlar  facts*  pre  ob- 
served with  respect  to  oiImmt  primary  rocks,  whusb  are  believed  to^be 
of  igneous  formation. 

Indeed,  if  the  soieaoe  were  aufficieotly  advanced  to  enable  us  to 
preDoaace,  with  absolute  certainty,  on  the.  agsols  by  which  rocks 
were  foroiedt,  a  more  iotel%ible  arraogeoient  might  be  substituted, 
ihao  one  founded  on  their  relative  ag^s;  it  wght  be  comprised  io 
tbiee  great  divisbns. 

Class  I.  Rockt  of  igneous  Formation, 
Cuss  n.  Hocks  of  aqueous  Formation, 
Class  111.  Conglomerates,  and  mechanical  Formations. 

These  would  admit  of  distinct  subdivisions  :<-^ 

Class     I.  a.  Rocks  that  have  been  fused  and  conifolidated  with- 

^  out  ever  having  flowed  as  lavas. 
h.  Bocka  that  have  been  fused  and  protruded  through 

the  solid  covering  of  the  globe. 
€.  Kocks  that  htte  been  greatly  modified  by  heat,  but 
which  were  ori^naUy  aqoeous  depositions^ 
Cuss   II.  a.  Marine  formations. 

b.  Freshwaier  formations. 

Cuss  III.  a.  Ancient  con^omerates. 

b.  Recent  coBgiomerates. 

Each  of  these  dii^isions  would  comprise  roicks  of  different  relative 
ages;  that  of  rocks  of  the  first  class  would  be  determined  by  their 
posiijoa ;  thosie  of  the  second  and  third  classes  by  tbeir  order  of  suc- 
cession, and  the  organic  remains  in  each.* 

*  .      ,     i    .   ■  ■ .    -  —       I..-    ■■        g  ■■■ 

*  Sach  an  arraiigement  might  be  objected  to,  as  resting  too  much  on  theory ; 
and  the  fate  of  the  'Wernerian  system  ought  to  caution  us  agauuit  founding^rs- 
tems  of  classificatibn  on  theoretical  views  respecting  the  formation  of  rocks.  The 
followni^  rocks,  according  to  the  evidence  at  present  obtained,  might  be  referred 
to  the  different  divisions  of  the  first  class :  and  it  may  be  useful  to  bear  this  in 
mind,  without  yielding  implicit  assent  to  the  theory  that  the]^  are  all  igneooa  for- 
fflatioos;  yet  it  n&nst  be  aUowed,  that  such  «  mode  of  formation  will  satisfactorily 
aeeomtfiv  many  posilions  in  which  these  rocks  oceor,  Uiai  «fpear  inexplieable 
by  any  other  theory. 
Apposed  igneous  Rocks. — ^AU  varieties  of  granite,  gneiss,  an4  mica  slate  ^r—aU 
heues  of  porphTry  and  felspar  rocks;— ait  varieties  of  Borablende  roelfis^  and 


ieraen(iae;TJfLl}  basaltic  or  tnip  pocks  jr-«ti  an^ot  vni  feeent  lavas. 

m  sDbdivisic«n  «,  slate  rocks,  cJay-slatr,  aad  crystaUifie  JiMustone,  imbedded  in 
igaeoiis  foeks. 
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I  shall  HOW  proceed  to  describe  the  rocks  deDominated  primarjr, 
without  any  reference  to  theory^  and  shall  propose  an  arrangement 
of  them  that  wiU,  I  trust  be  found  conformable  to  the  present  state  of 
the  science. 

Primaiy  rocks  are  composed  chiefly  of  the  hard  minerals,  quartz, 
felspar,  and  hornblende ;  the  minerals,  mica  and '.talc,  are  dissemina- 
ted in  smaller  proportions,  and  limestone  and  serpentine  occur  in 
beds  or  masses,  but  less  frequently  than  the  above-named  minerals. 
If  we  refer  the  slate  rocks  tp  the  transition  class,  the  few  simple  min- 
erals here  enumerated  constitute  nearly  the  whole  of  the  mountains 
denominated  primary. 

The  strqcture  of  primary  rocks  is  crystalline ;  they  form  the  cen- 
tral parts  of  the  most  elevated  mountains  chains,  ^nd  they  occur  also 
at  the  lowest  depths  that  have  yet  been  explored,  and  are,  be^ce, 
believed  to  be  the  most  ancient  of  rock  formations. 

Werner  has  enumerated  fourteen  primary  rocks ;  bqt  as  some  of 
diese  have  hitherto  been  found  in  only  one  place,  it  appears  improp- 
er to  consider  them  as  distinct  orders,  unless  we  arrange  eyeij  varie- 
ty of  rock  in  the  same  manqer,  and  increase  the  iiumber  of  orders 
bdefinitely. 

The  following  arrangement  of  primary  rocks  includes  only  thi:ee 
principal,  rocks  as  primary — ^granite,  gneiss,  and  mica  slate,  which 
are  nearly  allied  to  granite,  and  form  an  incrustation  over  it:  these 
Xieyer  contain  organic  remains,  and  they  have,  rarely,  been  observed 
lying  .over  other  rocks  in  which  such  remains  are  found.  It  com- 
prises also  the  rocks  which  are  sometimes  found  imbedded  in  gran- 
ite, gneiss,  aqd  mica  slate,  and  are  regarded  as  subordinate  formations. 

Class.  I. 

Principal  Rocks  denominated  Primary. 

1 .  Granite,  comprising  all  the  varieties  of  this  rock,  and  small- 

f  rained  granite  passing  into  porphyry,  the  Eurite  of  the 
rench  geologists,  primitive  porphyry  of  the  Germans. 

2.  Gneiss  or  slaty  granite. 

3.  Mica  slate. 

Stibordinate  Rocks  which  occur  among  Primary, 

Horiiblende  rock. 
Serpentine. 
Crystalline  limestone. 
Quartz  rock. 

Some  of  these  subordinate  rocks  occur  also  among  rocks  of  ibe 
transition  class. 

The  three  principal  rocks  of  the  primary  class, — ^granite,  gneiss, 
and  mica  slate, — might,  with  propriety,  be  regarded  as  belonging  to 
one  formation.    They  are,  composed  essentially,  of  the  same  min- 
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ends,  varying  in  djfierent  proportions^  and  are  rather  modcfs  of  th9 
sama  rock  than  difier^nt  species.  They  pass  by  gradation  into  each 
otber^  as  one  or  other  of  their  constituent  mineraii^  becomes,  more 
or  less,,  abundant;  they  alternate  with  each  other  in  various  situa* 
lioDs,  and  may  be  regarded  as  contemporaneous.  It  may,  howev- 
er, for  the  poovei;iience  of  description^  be  proper  to  treat  of  eaph 
separately.      '     .  .        .  - 

Rocki  of  the  Jirst  Class.  * 

Gframte  is  considered  ^s  the  foundation  rock,  on  which  slate  rOQks 
aad  all  secondary  rocks  are  laid.  .From  its  great  relatiye  depth, 
graoite  is  not  freqiieqdy  met  with^  except  in  alpine  sjituationsi  where 
it  appeaiis  to  have  been  forced  through  the  more  superfiQial  covering 
of  the  globe.  Where,  granite  rises  abdve.the  surface,  the  beds  of 
other  rooks  in  the  same. district. genet'ally rise*  towfirds  k,  and  their 
aogtes  of  elevation  increase  as  they  apptoaeh  nearer  to  it.*  Graqite 
is  composed  of  the  three  jtitnerals  descpbed  m  the  third  cbaptdr^^ 
quartz,  felspar^  and  mica»— ^which  aremore.or  les^  perfectly  crystal- 
lized, and  closely  united  together. 

.  The  three  ^ninerals  of  which  ^nite  is  CQmp09i&4  vary,  raucfh,  .in 
tbeir  proportions  in. different  granitic  rocks,  and  often,  in  ^p€[cimeu8 
from  the  same  rock,  the  crystals  ara  large,  pr.  small,,  or  equally  inter- 
roixQd)  inone  part,  and  in  another  part,  quartz  of  felspar  greatly  pre-t 
dominates.  Some  granites  ape  composed  of  ^s^U  grains,  and  have 
large  crystals  of  felspar  interspersed ;  these  are  denominated  porphy- 
ritic  granites.  -  Stones  of  this  kind -are  common  in  the  foot^pavepifnts 
of  Iiondoo.f  -      ^  .  .   .  •     .'  ^  V 

Felspar  copstitutes  by  far  the  largest,  part  of  jgr^nite :  the  pi9re 
common  colours  ^ce  whitQ  and  red^  it  is  sometidi9s  in  a  soft  or  de- 
composing state,  and  appears^  earthy.  In  so^ie  granites,  tbe  ciys- 
tals  of  fekpar  are  distinctly  formed.  Quartz,  gei^erally,  occurs  in 
small  irregular  shaped  graips,  which  have  a  vitreous'  lustre.  ,The 
mica,  in  granite,  bccursj  most  commpnly,  in  sn^all  shining  scales, 
which  are,  geoerally ,  either  b)ack,  oi^  whitish  and  silvery*  It,* some- 
times, occurs  in  large  bexagonBl  plates^;  b^t  this  is,  moro,  common- 
ly, the  case  in  fhq  granite  that  forms  veins' in  granitic  mountains;  such 
veins,  with  large  plates  of  mica,  are  frequent  near  Aberdeep,  in 


►♦t- 


♦Soinc  writers  derive  the  name  from  g^wnites^  la'word  ^sed  by  Pliny  4o  de- 
note a  panicalar  kind  of  stone ;  others,  with  more  pirobabili^y;  sapposQ  Uilit  the 
name  origiaateci  from  its  granular  structure,  or  the  grains  of  whic#  it  is  com- 
posed. "       •  . 

t  Specimens  of  Cornish  and  Scotch  granites  are  not  difficult  to  procure  in  Lon- 
don, as  they  are  <iommonly  used  for  paVing-siones. ;  In  the  fojcmer,  <the  felspar  is 
whit^ ;  the  mica  appears  (ike  glistening  scales,  which  have  a  tafnished  semi-me- 
taliic  lustre.  The  quartz  has  a  vitreous  appearance,  and  is  of  a  light  grey  colour. 
Jn  Scotch  granite,  the  felspar  has  more  commonly  a  reddishnbrovn  cotour.  The 
mica  is,  not  onfrequentlY,  black  and  splendent,  and  may  be  divided  into  thin  scales 
by  the  point  of  a  penknife :  this  distinguishes  it  from  hornblende,  whioh  is  some- 
limes  intermixed  with  this  granite. 

8 
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Scothnd.  Mica,  neddily,  sepftrates  or  dMdes  kytd  tfain  transparent 
lamihs ;  and  where  the  plates  are  very  iarge^  as  id  (he  Siberiao 
granite,  it  is  uBed  instead  of  glass  for  windows.  This  variety  is  im«> 
properly  called  Muscovy  talc.<  Talc  resembles  miea,  but  is  much 
softer*  When  the  graii)s  of  f^spar  and  other  minerals  lire  very  mi-^ 
ndte  in  grfanite,  it  can  scarcely  be  distinguished  from  sandstone. 

Beside  the  three  minerals,  quartz,  felspar,  and  m!c^,  which  were 
formerly  considered  as  the  essential  constituent  parts  of  all  true  gran- 
ite, whoever  has  attentively  examined  various  granitic  districts,  miist 
have  frequently  observed,  that  other  rhineVals  occupy  (he  pkce  of 
mipa,'  either  in  part  or  entirely.  Thxis,  near  the  sutmmit  of  ,Mpat 
Blanc j  the  granite  is  composed  of  fefspar,  quactz,  an^  talc  or  ohlo- 
rit6,  the  latter  mineral  supplyipg  th6  piece  of  mica.  To  this  variety 
of  gfanite  the  name  of  pro'togene  has  improperly  been  given,  where-^ 
as  talcy  or  chhritic  gfanite  would  at  onqe  convey  «  distinct  idea'.of 
its  ncfture.  \In  some  Instances,  hornblende  suppliesthe  place  of  mi- 
ca,' or  is  intermixed  with  it.  To  thfs'  rock,  the  name  of  sienite  was 
given,  because  a  grapitic  ro6k  of  this  kind'  from  Sienna^  in  Upj)er 
Egypt,  was  much  u^ed  by  the  ancients  for  obelisks.   "^  '     ^ 

The  folioVving  varieties  of  granite  are^ often  associate^  iti  the  same 
granitic  mountafns,  and*may  b6  regarded  as  contemporaneous  with 
it, -being,  essentiaHy,- the  satnero<;k,  accidentally  modified,  by  an  ad-^ 
mixture  with  other  simple  minerals. 

Common  Ordnit^i — ^The  felspar,  white'or  red;  comp(>sed  of  quartos, 
felspar,  anc)  mica.        »  .      '  ', 

PorphyriCie  Oraniie^  in  which  larg6  crystals  of  felspar  oqear  la  d 
small-gramed  granite. .  The  ]granite  near  Shap,  in  Westmoreland,  of* 
fers  an  excellent  type  6f  this.  ^ 

Sienite  or  Sienittc  Chrdniie^  in  which  hornblende,  either  wholly  or 
ih  partj  supplies  the  place  of  mica*.  The  granite  of  Malvern,  and  kjS 
the  Charnwood  Forest  hifis  affi)rd&  specitnetis  pf  this  granite, 

Taiky  ot  CUoritie' Graniie.-^QaKTtZj  felspar,  and  tafc'or  chlo- 
rite. .  Many  of  the  gi*anitic  mountains,  in  Savoy,  are  composed  of 
this  ^anite ;  and  loose  blocks  of  it  are  scattered  over  the  vall<{ys  and 
on  toe  sid^s  afhd  summits  of  the  calcareous  mountains,  in  the' coun- 
tries'to  the  north  and  north-w^st  of  the  Alps.  This  gratitte  b.  by 
some  writers  called  protogene. 

Febpathic  Granite^  in  which  the  felspar  is  the  principal  ingredi- 
ent, ,i)nd  the  quartz,  and  particularly  the  mica,  very  rare;  larger 
crystals  (^  felspar  occur  in  it.  It  is,  frequently,  nearly  white.  To 
this  vari*}(,  Werner  has  given  the  name  of  white  stone,  and  the 
French,  eiirite.  It  occurs  in  beds,  in  common  granite,  in  CorowalL 
Iq  us  most  Compact  form,  it  becohie^  a  porphyry,  and  in  Auvergne^ 
is  closely  allied  to  volcanic  rocks'.  Indeed  I  observed  the  common 
granite  of  Aqvergne  to  be  com^sed  chiefly  of  felspar  and  quartx 
without  mica ;.  ip  some  parts,  the  mica  was  replaced,  by  the  ipmeral 
called  pinite. 
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Granite  occurs  in  masses  of  vast  thickoess,  wbicb  are  cominooly, 
divided,  by  fissures,-  into  blocks,,  that  approach  to  rbombpidal  or;pre(- 
ty  regular  polyhedral;  forms.  Sometimes  a  colMtanar  structure  may 
be  ok«erved  io  grauitic.  mountaios ;  in  other  instances,  where  the 
quandcy  of  mica  is  considerabici  .granite  divides  into  parallel  layers 
or  plates,  t^at  have  been  mistaken  for  strata.  Granite  is,  occasibo- 
aOv,  found  in  globular  masses,  which  are  Qomposed  of  concentric 
spherical  layers,  separated  by  granite  of  a  less  compact  kind,  and  en* 
doaing  a  bard  or  central  nucikus.  These  gjbbuiar  masses  are^  .often 
three  or  four  yards,  or  more,,  in  diajneter,  jand  are  either  detached  or 
imbedded  io  granite  of  a  softer  kind ;  tb^s  structure  is  not  peculiar  to 
granite. 

The  aspect  of  granitic  mountains  Js  extremely,  various :  whefe  the 
beds  are;  nearly  bbrizontal,  or  where  the  granhe  is  soft  and  disintegra- 
tibg,  the  summits  .are' rounded,  heavy  and  unpicturesquc  Where 
hard  and  a^ft  granite  are  intiermixed  in  the  same  mountain,  the  softer 
granite  is  disintegrated  and  falls  away,  aijd  the  harder  blocks  remain 
piled  in  confusion .  on  each  other,  lifae  an  immense  mass.of  ruins* 
Where  the  granite  is  hard^  and  the  beds  are  nearly  verticd,  and  bav^ 
a  laminar  structure,  ic  forms  lofty  pyramidal  peaks  <)r  aiguilles,  that 
rise  in  enoraious  spires;  such  ai^  tbfe  aigujUes  in  the  vicinity  of  Moot 
Blanc,  which  are  far  more  interesting,  both  to  the  picturesaue  travel* 
ler  or  the  geofogist,  than  Mont-  Blimc  itself.  The  AiguiUe  de  Dru  is 
perhaps^  the  most  remarkable  granitic  rooantain  i^t  .precept  known ; 
the  upper  pan  or  spire,  rises  above  its  base  nearly  to  a  point  in  one- 
solid  fibaft  more  than  four  thousand  fe^t  $  the  summit  is  eleven  thou- 
sand foet  above  the  level  of  the  sea."^ 

It  has  been  observed  in  so  many  situations,  that  it  may  peiliaps  be 
regarded  93  a  general  law,-^wherever  granite  rise^  high  above 
the  surface  of  the  earth,  the  strata  of  hmestone  or  other  rocks 
in  its  vicinity  fise  towards  i|«  Numerous .  inst^pces  of  this  oc<iur 
in  the  Swiss  Alps.  In  the  higher  part  of  the  vaBey  of  Lauter- 
bnin,  in  the  Canton  of  Besne,  I^have  seen  a  bed  of  limestone  in  imr 
mediate  juncnion  with  graqite,  m  a;  perfectly  vertical  position,  like  a 
wall  built  ap-against  it ;  but  both  rocks  were  cemented  togeth^  i^itb- 
out  any  perceptible  line  of  parting.  The  limestone  was  extremely 
hard,  but  the  partsia  immecliate  coptact  with  the  granite  did  not  dif- 
fer in.  appearance  from  the  other  parts  of  the  bed. 

Id  many  of  the  highest  mountains  in  the  northern  or  Swiss  Alps, 
graaita  is  aeen  only  near  their  bases ;  the  summits  are  composed  of 
immense  b^ds  of  hmest6ne,  and  secondary  stratified  rocks.  In  the 
southern  cbain^  ot  the  Savoy  Alpis,  the  highest  summits  are  granite ; 
indeed,  |lie  highest  known  point  at  which  granite  has  been  pbserved, 
in  ady  part  o(  the  world,  is  Mont  Blanc  io  Savoy,  the  loftiest  moon- 


•  A  short  deseripUcm  of  this  moontun,  with  a  plate,  is  f[iven  in  chctod  yoL  of 
"  Travels,"  by  the  author. 


GO  sTRUCTtJBS  br  momt  blarc*  * 

tain  in  Europe,  ci3ing  fifteen  thousand  six  huirdred'  and  eighty  feet 
above  the  level  of  the  sea,  or  nearly  five  times  higher  than  any  moun- 
tain in  England  or  Wales.  It  was  first  ascended  l)y  Dr.  Pacard,  in 
1786,  and  afterwards,  by  Saussure,  who  has  published  a  very  inte- 
resting account  of  his  ascent.  Several  persons  have  since  ascended 
this  mountain,  but  Saussure  is  ihe  only  traveller  who  has  given  us 
any  information  respecting  its  structure*  I  shall,  therefore  insert  a 
brief  account  of  his  observations ;  they  arc  highly  inlefesting.  He 
set  out  from  the  priory  of  Oiamouni,  the  distance  from  which  to  the 
summit  of  the  mountain,  in  a'direct  line,  is  not  more  than  two  French 
leagues  and  a  quarter:  but,  owing  to  the  difficulty  of  the  ascent,  it 
requires  eighteen  hours  continued  labor,  exclusively  of  the  time  n6- 
cessajy  for  repq^  and  refreshmefnt.  The  first  day's  ibumey  was 
comparatively  easy,  the  route  being  over  soil  covered  witn  vegetation, 
or.ba^e  rocks.  The  ascent,  on  the,  second  day,  was  over  snow  and 
ice,  and  mo)*e  difficult :  at  four  o'clock  in  the  afternoon  of  the  same 
day,.  Saussure  and  his  attendants  pitched  iheir  tent  on  the  second  of 
the  three  gre^t  plains  of  snow  which  tbey  had  to  traversel  Her«, 
they' passed  the  night,  fourteen  hundred  and  fifty  five  toises  (or  three 
thousand  one  hundred  yards)  above  the  level  of  the  sea,  nnd  ninety 
tpi^es  higher  than  the  Peak  of  TenerifiTe,  The^  barometer  stood  at 
seventeen  inches.  The  next  morning,  th^y  proceeded  with  miich 
diffi(;dtty  and' fatigue,  arising,  principally,  from  the  extreme  t^rity  of 
the  atmosphere,. which  atfected  their  respiration.  The  upper  pans 
of  Mont  Blailc  are  above  the  limits  of  perpetual  snow,  and  k  is  only 
on  the  sides  of  the  nearlyperpendicular  peaks  and  escarpments  that 
the  bare  rock  is  visible.  They  gained  the  summit  by  eleven  o'clock 
A.  M.  "  From  this  elevated  observatory,"  says  Saussure,  "  I  could 
take  in  at  one  view,  without  changing  my  pMce,  the  whole  of  .tlie 
grand  pluenomenon  of  these  mountain^ ;  namely,  the  position  and 
arrangement  of  the  beds  of  which  they  are  composed.  Wherever 
I  turned  my  eyes,  the  beds  of  rock  in  the' chains  of  secondary  moun- 
tains, andeV^n  in  the  primary  mountains  of  th^  second  order,  rise  to- 
ward Mont  Blanc  and  the  lofty  sntnmits  in  its  neighborhood  :  the  es- 
carpments of  these  beds  of  rpck  were  all  facing  Mont  Blanc,  but, 
beyond  these  chains,  were  others,  whose  escarpments  were  turned  in 
a  contrary  diifeclion.  Notwithstanding  the  irregularity  in  the  forms 
and  distribution  of  the  great  masses  that  surround  Mont  Blanc,  and 
those  which  constitute  the  mountain  itself,  I  could  trace  some  fea- 
tures of  resemblance  not  less  certain  than  important*  All  the  mass- 
es which  I  could  see  were  composed  of  vertical  plates  (feuUUii,) 
and  the  greater  part  of  these  plates  were  ranged  in  the  same  direc- 
tion, iirom  tiorth-east  to  south-west.  I  had  particular  pleasure  in  ob- 
serving the  same  structure  in  the  lofty  peak  of  granite  called  the 
Col  du  Midjif  which  I  had  formerly  endeavored,  but  in  vain,  to  ap^ 
proach,  being  prevented  by  inaccessible  walls  of  granite.  After  the 
second  day's  ascent,  this  lofty  pinnacle  was  beneath  me ;  and  1  fully 
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coDvioced  myself  tfaat  it  is  composed  entirely  of  magnificeot  plates 
(lames)  of  granite,  perpendicular  to  the  horizon,  and  rapgiog  from 
east  to  west.  I  had,  formerly,  been  induced  to  believe,  that^hese 
plates  weire, folded  vountd  the  peak,  like  (the  leaves  of  an  artichoke, 
but  this  vfiSkS  an  optic^l  illusion,  when  seen  imperfectly  from  below': 
here,  where  the  eye  could  as  it  were,  dart  down  into  the  interior  struc- 
ture of  the  nKMintain,  the  plates  of  rock  appeared  regularly  parallel 
ID  a  direct  line."  ^^  I  was  also,"  says  SausiSure,  "  particularly  (ilesirous 
of  ascertaining,'  whether  the  vertical  beds  were  composed  of  the  same 
substances  attheir  summits  as  at  their  bases,  where  I  had  so  frequently 
inspected  them ;  and,  I  am  perfectly  satisfied,  from  actual  exami- 
nation, that  they  preserve  the  same  tiature  through  their  whole- ex- 
tent, add  are  the  same  atthe' summit  as  below*''^'  Voyages  dans 
les  jllpes,  tome  \v^ 

The  inference  drawn  by  Saossure,  respecting  the  vertical  position 
of  the  beds  of  granite  that  compose  a  principal  part  of  Mont  Blanc 
and  the  adjoining  mountains,  is,  that  they  were  originally  horizontal* 
and  have  been  subsequently 'Elevated  by  sodie  tremendous  convul- 
sioa  of  Aature«  T^e  stkmmit  of  Mont  Blanc,  he  say s^  must,'  at  one 
time,  have  been  more  tHan  two  leaguek  under  the.  surface.  To  ^e 
same  convdston  he  attributes -alsb,  the  position  of  the  escarpnients  or 
steep  sides  oF  the  rocks  which  for^  a  con^iderabte  extent,  face  Mont 
BbLBc,  and  then  turn  from  it  in  ^n  oppbsitp  direction.  This  would 
be  th&  case,  had  the  sprface  of  the  globe  been  broken  and  elevated 
in  the  manner  he  supposes,  r  There  is  a  /eircumstance  stated  by 
Sausmire,  which  tends  strongly  to  conGrm,  if  not  absolutely  to  provc- 
ihe  frutb.  of  hishypstb&sis.  .  Some  of  ihe  vertical -beds  of  rock,  ad- 
jacent to  the  granite  contain  round  pebblles,-  boulders,  and  water  worn, 
pieces  of  the  lower  rocks.  See  observations  on'jhese  beds,  .Chap. 
IV.  It  is  impossible  to  conceive  tb&t  those  rounded  fragments  could 
have  been  placed  in  a.  vertical  position;  forVif  they  be  really  pebbles, 
and  boulders,  toe  beds  on  which  they  occur  must,  originally,  have 
been  nearly  horizontal.  Now  as  these  beds  are,  at  present,  placed 
between  others  which  are  also  vertical^  and  in  the  same  rvujig^j  it Yot- 
lows,  that  the.  whole  have  been,  overturned  and  thrown  up,  at  a  period 
subsequent  to  their  forpnatiori.f 

The  Himmaleh  Mountainsin  the  cehtre  of  Asia,  rise  ten  thou- 
sand feet  higlier  tha^  any  mountains  in  the  Alps,  but^  where  their 


« 

♦  Tbe  extreme  fatigue  and  cxh^^istion  wliich  Saussure'experienccd  during  the 
ascent  of  Mont  Blanc,  is  strpposed  to  have  abridged  the  life  of  this  active  apd  in- 
telligent philosopher.  It  may  amuse  the  reader  to  be  told,  that  Saussure,  during 
hLsexcorsions  in  the  Alps^  wore  a  full  dressed  scarlet  coat  and  gold  laced  hS(,t. ' 
He  informs  U5,  that  when  he'  was  seated  on  Mont  Breven,  the  lace  of  bis  hat  at- 
tracted the  electric  fluidOoma  passing  cloud,  and  occasioned  a  hissing  sound. 
TymparamiUaiUur,  et  tws,  cf<. 

f  Saussure  says  expressly,  that  the  boulders  ih  the  rocks  near  Mont  Blanc,  are 
precisely  similar  to  the  boulders  on  the  shores  of.  the  lake  of  Qeneira. 
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ftummiu  are  uncovered  by' snow,  they  ore .  believed  to  be  coi?(iposed 
of  siecondary  strata.  '    . 

.  Many  of  the  mountains  in  the  •extensive  range  df  the  Ande9  in 
South  America,  also  rise  much  higher  than  Mont  Blanc ;  ^i>ut,  gran- 
ite has  not  been  found  ther6  in  a  greater  elevation  than  eleven  thou* 
sand  five  hundred  .feet,  an  elevation  exceeded  by- many  of  the  gran- 
ite mountains  in  Europe.  The  range-of  the  Andes  is  the  seat  of  active 
volcanic  fires,  which  appear  to  have  covered  the  primaiy  mountains 
with  an  immense  mass  of  matter,  ejected  by  ancient  and  recent  erup- 
tions.. In  JVfexico  and,  New  Spain  also,,  the  granite  appears  to  be 
nearly  covered  by  basklt,  porphyry  tod  lava,  ejected  from  thenunbe- 
rous  volcfinbes  which  now  exist,  or  have  existed  in  those  countries* 
.  To  this  accumulation  of  volcanic  matter,  the  mountains  in, South 
America,  owe  their  superior  eleva^on.  Chimborasso  and  C^yambo, 
are  nearly  the  highest  mountains  in  the  Andes,-^the  fprmer  rises 
twenQr  one  thousand  four  hundred  and  forty  feet, — but  tiieir>8unfmits 
are  vast  cones,  composed  of  volcanic  productions  covered  with  spbw. 
Chimborasso  is  one  mile  ^nd  one  hundred  and  sixty  yards  higher 
ft^an  Mont  Blanc,  ^l^hs  genepalarriahgementof  th^  Andes  coosisls 
according  to  Humboldt,  of  granite,  gneiss,  mica  and  clay  slatd,  as  in 
tb^  Alps;  but,'0n  these,  are  frequently  laid  -pQrphy/y,  and  basalt, 
^<  arranged  in  the  form  of  regular  and  imineose  columns,  whici^  strike 
the  eye  of  the  traveller  like  the  ruins  of  enprmous  castles  lifted  into 
the  sky.'*  •' 

In  the  eastern  parts  of  the  United  States,  and  in  Canada,  graqite 
(s  seen,,  near  the  surface,  uncovered  by  oUier  rocks,  (and  does  not 
rise  to  any  great,  etevation.  The  constant  occurrence  of  granite,  at 
a  lower  level  in  America  than  in  Europe,'  is  a' remarkable  geological 
facjt.  In  Europe,  the  centra)  pai;t  of  the  principal  mountain  ranges 
ape  granite;  as  in  Scandavia^  the  Alps;  the  Pyrenees,  and  the  Car- 
pathian mountains.  In  A^ia,  granite  forms  a  considerable  part  of  the 
Uralian  and  Akaic  .range  of  mountains,  and  it  appears  to  compose 
the  principal  mountains  that  have  been  examined  in  Africa. 

Ihe  parts  of  England  ^nd  Wales  where  granite  and  granitic  rocks 
occur,  are  Cornwall,  Devonshire,  North: Wales,  Anglesea,  the  Mal- 
vern Hills  in  Worcestershire,  Charnwood  Forest  in  Leicestershire, 
and  in  Cumberland  and  Westmoreland.  Granite  rises  near  the  bot- 
tom of  Skiddaw  id  Cumberland*  The  granite  near  Shap  in  We^- 
moreland  is  porphyriiic,  containing  large  crystals  of  red  felspar. 
Thei'e  are  rolled  masses  of  .granite  on  the  banks  of.  Ulswater,  resem- 
bling the  granite  of  some,  parts  of  Cornwall  and  of  the  Wicklow 
^Mountains  in  Ireland,  but  n^ore  highly  crystalline  tlian  the  latter. 
The'  felspar  is  in  large  white  and  reddish-white  crystals.  The  mica 
is  a  blackish  green,  and  on  the  outer  parts,  decomposed.  I  am  in- 
clined to  believe,  that  the  same  formation  of  granite,  which  just 
fnakes  its  appearance  on  the  western  side  of  England,  and  Wales,  is 
continued  under  the  Irish  Channel';  or^  if  broken  there  that  it  rises 
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apin  in  the  Ud  of  M Ao,  and  in  the  counties  of  Dublip  and  WicUow 
in  Ireland.  Blocks  of  granite  are  found  in  the  beds  of  some  of  the 
men  in  the.  northwest  part  .of  Yorkshire,  and  in  day  pits  in  Lanca-* 
shire  aod  Cheshire,  at  a  great  di^noe  from  any  granit^  roountainsi 
Most  of  die  granitic  rocks  on  Chamwood  Forest  ar^  oY  that  kind  deA 
nominated  sienite:*  Among  the  English  k)caIitieB  of  granite,  I  have 
recently  ascertained,  that  both  grapite  and  imperfect  gneiss  rise  tb.the 
surface  near  Bedwort^  )n  Warwickshire,  evidently  a  continuation  of 
the  Cbamviood  granite. 

Granite  sometimes  foror>s  veins,  shooting  up  into  the  superincitm* 
bent  rocks.    This  is  a'fact  of  some  geological  importance,  as  it  seefns 
to  iadicate,  either  that  the' granite  has  been  in  a  state  of  fusion,*  the 
heat  of  which  has  softened  and  rent  the  upper  rocks,'  apd forced  up. 
diegraiuce,  id  a  melted  State,  into  these  fissures;  or  else,  that  the 
graott?  and'the.nM^ks  resthg  immediately  upon  it  wtere  both  in- a  flu- 
id state  at  the  santie  lime,  and  are  contemporaneous.     A  remarka- 
ble instance  of  graiuuc  v^ins  in  argillaceous  sohistilks.  at  Mousehole 
in  Cornwall  is  described*  in  Dr.  Thomson's  Annals  of  Pbilosopfayi 
Maj,  1814.     **  The  schistus  is  of  a  greyish  Colour,  rather  hacd,  but 
breaks  in  large  fragment^  in  the  direction  of  the  $traia.    The  graiN 
jte  is  of  a  fine*  grain,  and  the*  felspar  is  of  ai  light  flesE  colour,  and 
contains  but  a  small  portion  of  mica.    At  the  jandtion,  numeroofl 
veins  of  granite  may  be  traced,  from  the  tock  of  granhe  into  the 
schist.    Some  of  these  veins  may  be'observed  xipwards  of  fifty  yards, 
till  tbejr  are  lost  in  (he  sea,  and  in  point  ol  siae,  vary*from  a  foot  and 
a  half  ro  iess  than  an  inch*  •  It  may  deserve  notice,  that,  as  the  ibl- 
spar  fs  of^  flesh 'cok)ur,  it  is  impossible  for  any  observer  to  consid"^ 
er  them  as  qoartz  veinsi  one  of  these  large  veins  is  dislocated,  ^d 
heaved  several  feet  hy  a*  cross  course*    Quartz. and  fragments  iof 
schistns,  having  tbe  apf>earanc6  of  veins,  are  found  in  the  granite 
veins...  At  one  place  there  is, a  very  curious  and  satisfactory  ph»- 
nomeooo.    One  of  these  .veins  of  granite, .  after  pr9ceedlng,*VQrtiQaK' 
ly,  some  distaDce,  suddenly  forms  ah  ^ngle,  and  contipues  iti  a  di- 
recCfon  nearly  horisontal  for  several  feet^  with 'schistus  ^both  above 
and  bebw.it.     Tbis  appearance  most  completely  destroys  oqe  of  the 
theories  saggesCed  for  the  explanationof  siitular  veiris  at  St.  MichaePs 
Mount,  viz.  that  a  ridge  of  projecdng  granife  had' been  left,  and*schtsr 
tus  deposited  afterwards  on  its  sides." 

In  1816  I  visited  the  ptice,  which  ia  dose  by  the  sea-side,  at  lotv 
water,  and  obsenred  some  appearances  which  I  believe  haihs  not  bith- 


*  According  to  Brogrniart,  granite,  siente  and  porphyry,  are  frequenll^jr,  olisfrv- 
«I,  gradnatiog  into  each  other  in  some  parts  of  France ;  and  he  iprms  (his  conclu- 
sion :  "Eb 6tadiant  les  granites  d'nn  ^rand  nombre de  pays  pour  tAcher'de disting- 
ttr  elatrmeDt  le»  uieieBS  granites  des  nonyenuz,  on  troupe '  presqne  pea  de  pay» 
maitiqiies,  qa'on  pnisse  rapporter  aTec  certitade  k  cette  anciepne  et  prinutlTe 
lormation  des  granites."    Journal  des  Mines^  Mars^  1814. 
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erta  been  .noticed.  The  junction  of  the  granite  ^ock  and  the  schist 
mdy  be  distinctly  seen  :  they  form  together  a  sloping,  beach  uncov- 
ere(]  by  any  fragments :  the  line  of  junction  is  waWn]^  front  the  jcoast 
intQ  the  sea,'  as  represented  Plate  il.  fig.  3.,  p.  the  Granite,  s,'tbe 
Schist. 

:  k  is'trul^  worthy  of  notice,  that  the  veins  of  granite  may  be  dis- 
tinctly seen  penetrating  both  the  schist  and  the  granite;  for  the  gran- 
ite, in  the  veins,  is  fin^t-grained  than  the  granite  rock,  «nd  mfiy  as 
easily  be  distinguished  in  the  granite,  as  in  the  schist.  The  granite 
roek  itself  is  smalter-graiined  near  the  line  of  junction  of  the  two 
rheks,  that)  it  is  a  little  distance  from  it,  where  it  contains  large  white 
crystals,  of  felspar  in  a  smaller-grained  reddis'b  granite. .  What  is 
further  remarkable,  the  largest  granite  vein,  in  passing  into  the  acbist, 
cuts  through,  a  veig  of  cpartz  tl>ick#r  than  hself ;.  and,'  afi^w  yards 
nearer  the  sea,  a  small  quartz  vein  cuts  through  the  same  granke 
vein:  see  Pjate.Il. 'fig^  3.-  What  is  called  the  schist  orkillas'in 
Cormwail,  in  the  places  where  I  have  observed  .it  in  immediate « Junc- 
tion with  granite,  is  highly  indurated  ^dnd  of  ,a'dark<;olour,  and  ap- 
pears to»have  been- changed  by  the  junction :  it  has  no  irppe^raoce 
of.  slate  ^ — ipdee^i  the/change,  in  the  size  of  the  grain  of  granite,  as 
the  latter  approaches  the  kiijas  at  Mousehole,  woyld  indicate  that 
tb^  two  i^ocks  were  piassing  into  eaob  other.  Perhaps  the  best-de- 
sigqation  of  th.e  kSIIas  rock;  on*  this  situation  is^  that  of  a  minuteif 
grafned  and  highly  indurated  gnetiss,  that  had  lost  its  i^ohistose  char- 
acter.* •  •;       . ,  •  -/  '- 

'  Granite  vein^^  of.  large  size,  traverse  roeks  of  .small-grained  gran- 
ite and  ^neis3  in  the  vicroityof  Ab^erdeen :  in  these  veipfl,  both  die 
felspar*  and  ii^rca  occur  in  crystalline  plates  and  laminn^  of  consider- 
able oiagnitude,  accompanied  with  tourmaline.  At  Glentilt  in  Scot- 
landi^  singular  •  intermixture  of  granite,  in  veias  and  amorphous 
raaisses,  occurs  witb  skte'and  ITmestone*,  ,and  hasbeen  descril^ed  by 
Dr.  IVfadCbllooh  in  the  Geological'  Transactions,  vpl.  u  page  145. 
it  seems  impoissible  to  conceive. how  masses  of*  granite  could  be  in- 
teroiixed  with,  or  imbedded  jn  limestone,  without:  admitting  that  die 
two  substances  have  been  both,*  in  a  fluid  or  ^emp-fluid  state  at  die 
sane  time;' ajM  we  are  not  acquainted  witb  apy  cause  except  heat 
combined  with  pressure,  which  could  ^eet  a  simultaneoua  iti^MNi  of 
-both  racks.    ^  . '  - 

.  Some  geologists  describe  the  granite  under  gneiss  and  the  g^ite 
over  gneiss  as  different  formations ;  but,  as  gneiss  is  itself  a  schistose 
granite,  it  would  be  more  correct  to  state,  that  the  massive  and  schis- 
tose granites  sometimes  ocCur,'  alternating  with  each  oth^r.  When 
the  mica  beconies  abundant,  the  granite  passes  Id  the  state  of  gneiss ; 


;  *  In  the  Phil.  Mag.  Marqh,  1829',  there  ^s  a  full  description  of  the  grunite^  veins 
in.killas,  by  two  German  geologists,  hvti  no  new  or  important  facts  are  communi- 
cated. 
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when  the  felspar  and  quartz  predominate,  it  becomes  again  maasive 
or  common  granite. 

What  has  been  said  respecting  the  alternation  of  gneiss  and  gran- 
ite, will  apply  to  the  alternation  of  granite  and  mica-slate.  In  the 
latter,  the  felspar  is  wanting;  but  if  it  re-appear,  it  becomes  either 
granite  or  gneiss.  Mica-slate  also  passes,  by  such  insensible  grada- 
tions, into  slate,  that  the  occasional  occurrence  of  granite  in  some 
ancient  slate-rocks,  may  admit  of  a  similar  explanation.  We  shall 
thus  sweep  away  the  secondary  granites,  which  have  so  much  be- 
wildered the  systems  of  many  geologists :  indeed  nothing  can  ap- 
pear more  puerile  and  trifling  than  the  labour  of  making  distinctions, 
where  nature  has  mrade  none.  Of  this  we  haye  an  instance  in  the 
distinctive  characters  which  have  been  given  of  primary  and  second- 
ary gram'te^ 

Primary  Granite.  Secoadary  Granite. 

1.  Sometimes  red.  1.  Felspar,  commonly  a  deep  red. 

2.  Contains  garnets.  2.  Contains  garnets. 

3.  Is,  sometimes,  porphyritic.       3.  Not  porphyritic;  but,  according 

to  Professor  Jameson,  is  some- 


to  Professor  Jameson,  is  some- 
times porphyritic. 


Again,  M.  D^Aubuisson  tells  us,  that  the  colour  of  primary  granite  ia 
almost  always  white. 

What  has  been  advanced  may  be  sufficient  to  prove,  that  the  at- 
tempts to  distinguish  primary  from  secondary  granite  by  their  miner- 
al characters,  ar^  worse  than  useless ;  as  they  waste  the  time  of  the 
learner,  and  tend  to  disgust  him  with  a  science  already  too  heavily 
burdened  with  unmeaning  terms  and  frivolous  distinctions. 

There  is  a  particular  form  of  granite,  in  which  the  constituent  parts 
are  so  minute  and  so  intimately  mixed,  that  it  appears  very  minutely 
granular  or  even  compact :  to  this  variety  the  French  geologists  have 
given  the  name  of  Hurite  ;  it  has  generally  been  described  by  Eng- 
lish geologists  as  Compact  fehpar^  into  which  it  passes  by  insensible 
gradations.  This  rock  frequently,  contains  imbedded  crystals  of  fel- 
spar, and  forms  what  has  been  denominated  felspar-porphyry.  In 
Cornwall,  it  occurs  in  beds  in  common  granite ;  but,  instead  of  be- 
ing regarded  as  a  diflTerent  rock,  it  may  be  more  properly  classed 
by  the  geologist  with  granite,  being  only  a  variety,  in  which  felspar 
greatly  predominates.  This  rock  occurs,  also,  in  an  unconformable 
position,  and  is,  generally,  described  as  porphyry,  and  appears  to 
forma  connecting  link  between  common  granite  and  the  compact 
varieties  of  volcanic  porphyry,  with  a  base  of  felspar  called  b^  the 
French  Trachyte. 

Sienitic  granite,  in  which  the  mica  is,  partly  or  entirely,  replaced 
by  hornblende,  occurs  in  some  situations  in  the  same  bed  with  com- 
mon granite,  and,  therefore,  must  be  regarded  as  a  variety  of  gran- 
ite.    I  have  frequently  observed  mstances  of  this  change  irom  gran^ 
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ite  to  sienite  in  the  same  rock,  in  the  granite  of  Cbarnwood  Forest. 
The  same  change  may  be  noticed  also  in  the  granite  of  the  Malvern 
Hills.  That  able  and  accurate  observer  Dr.  MacCuUoch  maintains 
the  identity  of  granite  and  sienite,  from  their  frequent  passage  into 
each  other  in  the  safne  rocks  in  Scotland.  When  the  hornblende 
becomes  abgndant,  and  is  closely  intermixed  with  felspar,  it  forms  a 
dark  finely  granular  rock,  which  has  been  denominated  trap  or  green- 
stone :  it  nearly  resembles  basalt.  In  the  Cbarnwood  Forest  hills, 
and  at  Shap  in  Westmoreland,  well  defined  granite  may  be  seen 
passing  into  a  dark  coloured  trap-rock  nearly  compact.  I  have  even 
broken  ofif  hand  specimens,  in  which  one  part  was  granite  und  the 
other  trap,  and  the  passage  from  one  to  the  other  might  be  distinctly 
observed. 

The  crystallized  earthy  minerals  which  occur  most  frequently  in 
granite,  are  schorl  or  tourmaline,  and  pinite,  a  mineral  nearly  aUied 
to  mica, — the  emerald,  corindon,  axinite,  and  topaz,  are  also.foimd 
occasionally  in  granite.  Sometimes,  the  tourmalme  is  so  abundantly 
disseminated,  as  to  form  a  constituent  part  of  the  rock. 

Common  granite,  or  massive  granite,  contains  few  beds  of  any  oth- 
er rock,  nor  is  it  rich  in  metallic  ores.  Tin  ore,  however,  occurs 
chiefly  in  granite,  either  in  veins  accompanying  quartz,  or  dissemina- 
ted through  the  rock  at  a  distance  from  the  veins.  Ores  of  other 
metals,  as  copper,  iron,  wolfram,  bismuth,  and  silver,  are  also  found 
occasionally  in  granite. 

Granite  supplies  durable  materials  for  architecture,  but  it  varies 
much  in  hardness,  and  care  is  required  in  its  Selection.  I  was  told, 
when  in  Cornwall,  that  granite,  got  from  a  considerable  depth  in  tbe 
quarry,  is  so  soft  when  it  is  first  raised,  that  it  can  be  easily  sawed 
into  blocks,  but  it  soon  acquires  great  hardness  by  exposure  to  the 
air.  In  the  mountains  of  Auvergne,  the  granite  is  extremely  soft, 
and  the  felspar  appears  earthy ;  this  is  probably  the  original  state  of 
the  stone.  I  believe  it  is  the  soft  earthy  granite  from  this  district, 
which  supplies  the  kaolin  used  in  the  porcelain  manufacture  at  Sev- 
res. Mons.  Brongniart,  who  obligingly  accompanied  me  through  the 
works,  showed  me  a  specimen  of  their  best  kaolin :  it  contained  crys- 
tals of  pinite.  I  had  recently  arrived  from  Auvergne,  and  I  thought 
I  recognised  its  locality. 

Granite  b  regarded  as  the  foundation  rock  on  which  all  other  rock 
formations  rest,  and  has  hence  been  called  the  most  ancient  forma- 
Ciod;  but  if  the  age  of  a  rock  is  to  be  dated  from  the  period  in  which 
it  became  consolidated,  the  inference  respecting  its  relative  antiquity 
would  not  be  conclusive.  According  to  the  Huttonian  theory,  gran- 
ite is  made  of  the  melted  crust  of  a  former  world,  and  the  fosion  may 
have  taken  place  after  this  ancient  crust  was  covered  with  the  upper 
rocks ;  but,  admitting  that  it  has  been  fused  under  pressure,  the  mat- 
ter that  now  constitutes  granite  must  have  existed  in  some  mode  or 
other,  and  have  served  as  the  foundation  for  the  rocks  that  are  upon 
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k.    If  we  date  the  age  of  granite  from  the  period  of  the  elevation  of 
granite  mountains^  we  must  admit  that  some  granite  mountains  are 
comparatively  recent,  for  they  have  been  elevated  since  the  deposi- 
tion of  ihe  secondary  strata.    In  my  Travels  in  the  Tarentaise,  be. 
published  in  1823,  I  have  shown  this  to  be  the  case  with  the  gran- 
ite of  the  Bernese  and  Savoy  Alps.    In  the  third  edidon  of  the  pres- 
ent work  in  1828,  I  have  also  shown,  by  a  description  and  sections, 
that  the  elevation  of  the  granite  of  Savoy  is  more  recent  than  that 
of  the  central  part  of  England.    M.  Elie  de  Beaumont  has,  since, 
adopted  the  same  views,  and  has  extended  them  to  other  mountain 
ranges.    Prof.  Sedgwick  and  Mr.  Murchison  have  further  proved, 
that  a  great  part  of  the  Tyrolean  and  Bavarian  Alps  was  elevated 
since  the  deposition  of  tertiary  strata ;  for  these  strata  are  lifted  up 
with  them  to  the  height  of  several  thousand  feet. 

Here,  however,  we  must  also  admit  that  the  material  which  form- 
ed granite  is  more  ancient  than  the  strata  that  rest  upon  it. 

Whether  granite  ever  formed  at  one  tkne  the  stony  pavement  of 
die  whole  gbbe,  or  whether  it  was  elevated  in  a  solid  state  bodily^ 
or  whether  different  parts  of  the  surface  were  fused  at  different 
epochs  are  legitimate  objects  of  geological  enquiry,  and  may  perhaps 
admit  of  a  satisfactory  solution  by  extended  series  of  observations* 
In  whatever  state  granite  forms,  or  has  formed,  the  ancient  crust  of 
the  globe,  it  has  been,  »nce,  pierced  through,  by  ancient  and  re- 
cent igneous  rocks.  Thus,  porphyry  cuts  through,  and  in  some  parts 
covers  granite,  on  the  west  side  oi  Scotland  from  Inverary  to  Ben 
Nevis.  Volcanic  rocks,  and  streams  of  lavi^  of  a  recent  geological 
epoch,  pierce  through  and  have  poured  over  the  granite  of  Auvergne, 
and  a  large  part  bf  central  France. 

Some  of  the  currents  of  lava  appear  as  fresh  as  the  recent  cur- 
rents from  Etna  or  Vesuvius.  In  other  parts  of  Auvergne,  the  gra- 
nite appears  to  have  been  acted  upon  by  subterranean  fire  in  iitUf 
and  in  some  mountains,  as  in  the  Puy  de  Chopine  near  Riom,  gran- 
ite and  volcanic  rocks  are  intermixed,  one  part  being  true  granite  and 
the  odier  volcanic  porphyry  (trachyte.)^ 

Hiese  volcanoes  have  long  been  dormant ;  and  the  only  remain- 
ing proofs  of  the  existence  of  subterranean  fires  under  that  district, 
are  the  hot  springs  that  rise  in  the  vicinity  of  the  ancient  volcanoes. 
According  to  Humboldt,  in  the  Canary  Islands,  as  well  as  in  the  An- 
des of  Quito,  in  Greece,  and  various  parts  of  the  world,  subterra- 
nean fires  have  pierced  through  the  primary  rocks;  and  he  adduces 
the  great  number  of  warm  springs  which  he  has  seen  issuing  from 
granite,  gneiss  and  mica-slate,  as  a  proof  of  this  opinion.  Indeed, 
in  the  Andes,  numerous  volcanoes  are  in  present  activity,  from  Cape 
Horn,  to  Mexico,  and  it  is  probable  that  those  mountains  owe  their 


*  See  "  Travels  in  the  Tarentaise  and  Auvergne,"  vol.  ii.  p.  367. 
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eleyation  to  subterraDean  fire :  for,  we  have  a  receol  instance  of  the 
mighty  power  of  this  agent  to  upheave  the  crust  of  the  globe.  Du* 
ring  dbe  earthquake  in  Chili,  in  November  1822,  the  whole  line  of 
coast,  running  north  and  south  from  Valparaiso,  to  the  distance  of  one 
hundred  miles,  was  raised  above  its  former  level,  the  bottom  of  the 
sea  was  laid  dry,  and  shells  were  discovered  sticking  to  the  rocks, 
some  of  which  were  not  before  known  in  those  seas.  It  is  stated  by 
an  observer,  that  the  whole  country,  from  the  coast  to  the  feet  of  the 
Andes,  and  even  far  out  to  sea,  was  permanently  raised  by  the  eairih- 
quake :  the  greatest  rise  was  about  two  miles  from  the  shore.  The 
granite  which  forms  the  foundation  rock  was  rent  in  parallel  fissures. 
The  earthquake  is  estimated  to  have  extended  over  an  area  of  one 
hundred  thousand  miles.  The  average  rise  of  the  land  upon  the 
coast  was  from  two  to  five  feet ;  at  the  distance  of  a  mile  from  the 
shore  inland  the  elevation  was  seven  feet. 

During  my  residence  in  Savoy  and  Switzerland  in  the  years  1820, 
1821,  and  1822, 1  was  desirous  to  ascertain  whether  there  were  any 
vestiges  of  the  action  of  the  subterranean  fires*  in  the  Alps.  In  the 
part  of  the  great  southern  chain,  extending  from  near  the  source  of 
the  Rhone  to  the  Little  St.  Bernard,  there  do  not  occur,  in  the  nu- 
merous situations  which  I  examined,  or,  from  which  I  have  seen  spe- 
cimens, any  minerals  of  a  volcanic  character,  .with  the  doubtful  ex- 
ception of  some  rocks  in  the  valley  of  Saass  and  in  the  Valorsine. 

Though  I  could  observe  no  indications  of  volcanic  fire  in  the  rocks 
themselves,  I  was  greatly  surprised  with  a  circumstance  that,  as  far 
as  I  know,  had  escaped  the  attention  of  geologists.  Along  the  whole 
line  of  Alps  before  mentioned,  which  extends  for  one  hundred  and 
twenty  miles,  numerous  hot  springs  are  gushing  out  at  the  feet  of  the 
primary  mountains,  near  the  junction  of  the  lowest  secondary  lime- 
stone with  schistose  rocks  passing  into  mica  and  talcous  slate.  It 
was  known,  that  a  few  thermal  waters  existed  in  tlie  Valois  and  in 
Savoy,  but  they  were  regarded  as  isolated  phsenomena,  and  their 
geological  position  bad  not  been  attended  to.  Since  Saussure  visit- 
ed the  Alps,  thermal  waters  have  been  discovered  in  various  situa- 
tions ;  and  since  1  left  Savoy,  another  considerable  warm  spring  has 
been  opened  in  the  vicinity  of  the  village  of  Chamouni,  near  the 
foot  of  a  glacier. 

There  is,  also,  further  reason  to  believe,  that  thermal  waters  would 
be  found  in  all  the  deep  valleys  of  the  Alps,  near  the  junction  of  the 
primary  and  secondary  rocks,  were  they  not  covered  by  eboulemenU 
under  heaps  of  loose  stones  (as  was  the  case  with  the  warm  batlis  in 
the  valley  of  Bagnes  in  the  Bas  Valois ;)  or  were  not  the  tempera- 
ture of  the  warm  springs  reduced,  by  admixture  with  torrents  from 
the  glaciers. 

In  vol.  i.  ch.  8.  of  my  "  Travels  in  Savoy,"  I  have  described  the 
geological  position  of  nine  of  the  principal  known  thermal  waters  of 
the  Alps;  their  temperature  varies  from  94"^  to  126^  Fahrenheit. 
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The  quantity  of  water  wbicb  issues  from  these  springs  is  rery  consid- 
erable ;  and  the  thawing  of  the  bottom  of  the  glaciers  daring  intense 
frost  may,  I  believe  be  attributed  to  tbe  action  of  thermal  waters. 
Qd  the  Italian  side  of  the  same  range  of  Alps,  particularly  at  St. 
Didier,  near  tbe  steep  southern  escarpment  of  Mont  Blanc,  there  are 
several  thermal  waters;  and  further  west  x\mn  the  hot  springs  at  Aix, 
in  Savoy,  other  hot  springs  have  been  recently  discovered  near.Gre- 
ooble.  It  thus  seems  probable  that  there  still  exists,  under  this  range 
of  the  Alps,  one  common  source  of  heat,  to  the  agency  of  which  in 
remote  ages,  the  mountains  originally  owed  their  elevation ;  for  we 
can  -scarcely  doubt,  that  the  hot  spnngs  in  the  Alps,  like  those  in 
Auvergne,  in  Italy,  or  Iceland,  derive  their  great  temperature  from 
subterranean  fire.  This  inference  is  farther  supported  by  tbe  well 
autfaeodcated  fact,  that  the  districts  in  which  the  hot  springs  are  situ- 
ated have  been  subject  to  great  and  frequent  convulsions.  In  tbe 
year  1755,  the  ground  in  the  vicinity  of  the  hot  springs  of  Licuk  and 
Naters,  in  the  Upper  Valois,  was  agitated  with  earthquakes,  every 
day  from  the  1st  of  November  to  the  27tb  of  February.  Churches 
were  thrown  down,  the  springs  were  dried  up,  and  the  waters  of  the 
Rhone  were  observed  to  boil,  in  several  places.  The  mountain  above 
tbe  warm  spring  at  Naters  is  said  to  have  opened  and  discharged  a 
quantity  of  hot  water. 

Tbe  hot  springs  at  the  feet  of  the  Pyrenees  probably  derive  their 
temperature  from  the  same  source  as  those  of  the  Pennine  Alps. 
Hot  springs  also  occur  in  Dauphiny  and  Provence,  which  have  prob- 
ably a  similar  source  of  heat. 

WJiat  has  been  here  advanced  may  be  sufficient  to  show  the  high 
probability  that  the  elevation  of  the  vertical  beds  in  the  Alps  has 
been  ejected  by  subterranean  beat, — an  agent  which'  we  have  direct 
proof  has,  in  our  own  times,  elevated  considerable  portions  of  the 
crust  of  the  globe ;  and  it  were  contrary  tothe  rules  of  sound  philos- 
ophy to  seek  for  other  causes  than  those  which  are  now  existing, 
when  such  causes  are  adequate  to  the  production  of 'the  phaenomena 
we  observe. 

Two  cases  are  mentioned  by  M.  Elie  de  Beaumont,  in  the  ''  Me- 
iDoires  de  la  Societe  d'Histoire  Naturelle,"  tom.  v.,'  of  granite  cut- 
ting through  and  covering  secondary  rocks ;  such  cases,  however, 
demand  the  strictest  scrutiny  before  the  fact  can  be  regarded  as  well 
established.  In  the  *'  Bulletin  de  la  Societe  Geologique  de  France," 
tom.  ii.,  a  section  is  given  of  the  Jungfrau  Mountain,  in  the  canton 
of  Berne,  representing  two  cone-shaped  masses  of  limestone  pene- 
trating the  granite  near  the  summit.  I  spent  some  weeks  almost 
close  to  the  mountain,  and  studied  its  structure  with  particular  at- 
tention, and  I  have  no  hesitation  in  expressing  a  decided  opinion 
that  the  section  is  fallacious.  The  part  represented  as  penetra- 
ted by  the  limestone  is  concealed  by  a  covering  of  eternal  snow. 
The  granite,  which  the  author  improperly  calls  gneiss,   is  small 
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grained :  near  the  foot  of  the  Jungfrau,  in  the  upper  part  of  the  val- 
ley of  LauterbruD,  I  observed  a  vertical  junction  ot  limestone  and 
granite.  If  cone-shaped,  protruding  masses  of  limestone  are  ob^ 
served  in  any  part  of  the  mountain,  they  are,  I  am  persuaded,  mere 
spurs  from  the  limestone  on  the  north  side,  and  cover  the  granite, 
but  do  not  penetrate  into  it.  The. penetration  of  granite  into  lime- 
stone represented  in  fig.  2.  of  the  same  plate,  is  far  more  probable 
and  intelligible. 
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OK  GNEISS  AND  1IICA-SLATE|  AND  THE  ROCKS  WHICH  ABX  ASSO- 
CIATED WITH  THEM. 

On  the  Passage  of  Oranite  into  Gneiss.— Gneiss  and  Granit  vein^. — ^Mica^Slate. — 
FormaiioQ  of  Gneiss  and  Mica-Slate. — Talcons  Slate,  and  Chlorite  Slate. — 
CrystaUine  Limestone  denominated  Primarji  occurs  both  in  Primary  and  Sec- 
ondary Mountains. — Formation  of  Limestone  and  Coral  Islands  by  Animal  Se- 
crevion.— Dolomite,  or  Alpine  Ma^esian  Limestone. — Serpentine  and  Ollite, 
orPotstoDe.~Eaphotide  or  Sanssante  the  hardest  and  heaviest  of  Rocks. — Trap 
Rocks  cbooged  to  Serpentine. — Eurite  or  White  Stone. — Primary  Porphyry  a 
Mode  of  Granite. — Recurrence  of  the  same  Rocks  in  Rock  Formations  of  dif- 
ferent Epochs.  « 

Tbe  principal  prinuuy  rocks,  enumerated  with  granite  in  the  pre- 
ceding chapter,  were  Gneiss  and  Mica-slate.  With  these,  certain 
rocks  are  frequendy  associated,  and  are  therefore  regarded  as  pri- 
maiy ;  for,  where  one  rock  occurs  imbedded  in  another,  it  is  evi- 
dent that  the  enclosed  rock  must  be  as  ancient  as  the  rock  which  en- 
folds it,  unless  the  imbedded  rock  has  been  subsequently  protruded 
within  more  ancient  rocks,  as  is  the  case  with  some  volcanic  or  trap 
rocks. 

Gneiss  received  its  name  from  the  German  miners ;  according  to 
Mr.  Jameson,  the  decomposed  stone  on  the  sides  of  some  metallio 
veins  was  first  so  called ;  but  Werner  designated  by  this  term  a 
schistose  or  slaty  granite,  abounding  in  mica.  Granite  frequendy 
passes  into  gneiss  by  an  almost  imperceptible  gradadon :  where  the 
quantity  of  felspar  decreases,  and  the  crystals  or  grains  become  smal- 
ler, if  tbe  mica  increases  in  quantity,  and  is  arranged  in  layers,  the 
rock  loses  the  massive  structure,  and  becomes  schistose ;  we  have 
tlien  a  tme  gneiss.  By  the  reverse  of  this  process,  if  the  quantity 
of  felspar  increases,  and  the  mica  diminishes,  ^the  rock  loses  the 
schistose  structure  and  becomes  massive,  and  we  have  granite  aeain. 
Some  geok>gists  call  this  secondary  granite ;  but  the  upper  and  low- 
er granite,  and  the  gneiss,  are  ib  this  ins(tance,  but  different  modes  of 
the  same  rock. 

The  granite  of  the  Alps,  which  Saussure  calls  granit  veinif  is 
properly  an  incipient  state  of  gneiss :  the  mica  is  arranged  in  thin 
parallel  laminae  varying  in  distance  from  each  other;  when  they  ap- 
proach very  jiear,  they  form  what  in  hand  specimen^  is  called  true 
goeisSi  Wbea  the  parallel  layers  of  mica  are  at  some  distance  from 
each  other,  they  give  a  striped  appearance  to  the  rock.  Laminae  of 
qoartz,  of  considerable  thickness,  sometimes  separate  the  felspar 
vom  the  raica,  and  occasionally,  masses  of  quartz  are  imbedded  in 
{neiss.  When  the  mica  becomes  very  abundant,  and  the  other  con- 
stituent parts  are  small  in  size  and  quantity,  gneiss  passes  into  mica- 
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'  slate ; — ^gneiss  has  often  a  waved  form.  This  rock  has  been  repre- 
sented as  stratified,  I  conceive,  by  a  mistake,  in  confounding  the  strat- 
ified with  the  slaty  structure :  tlie  latter  is  occasioned  by  the  quantity 
of  mica,  and  sometimes  of  talc  which  it  contains,  and  is  the  ejSect 
of  crystallization.* 

Beds  of  crystalline  limestone,  and  of  hornblende  rock,  occur  in 
gneiss.  It  contains  most  of  the  metallic  ores,  both  in  veinls  and  beds. 
Crystals  or  garnets  are  frequently  interspersed  in  gneiss,  but  are  n^ore 
common  in  micaceous  schist,  which  is  nearly  allied  to  this  rock. 

In  many  parts  of  the  world,  the  declivities  of  granite  mountains 
are  covered  by  rocks  of  gneiss.  Gneiss  constitutes  the  principal  rock 
formation  in  a  considerable  part  of  Sweden.  It  occurs  in  ScotiaDd 
and  Ireland,  but  is  scarcely  known  in  any  part  of  England  6r  Wales. 
Very  well  characterised  gneiss  occurs  in  the  vicinity  of  Aberdeen. 
An  imperfectly  formed  gneiss  is  found  on  the  Malvern  Hills.  I  have 
also  seen  gneiss,  brbught  from  the  lower  partof  Skiddaw  in  Cum- 
berland. Mountains  of  gneiss,  are  not  so  steep  and  broken  as  thosd 
of  granite,  and  the  summits  are  generally  rounded. 

Mica-^slaie^  or  Micaceous  Schistusj  is  frequendy  incumbent  on 
gneiss,  or  granite,  and  covered  by  common  slate :  it  passes,  by  gra- 
dation, into  both  these  rocks — the  coarser  grained  resembling  gneiss, 
and  the  finer  kind,  by  insensible  transition,  becoming  clay  slate. 

Mica  slate  is  composed  essentially,  of  mica  and  quartz,  intimately 
combined ;  the  felspar,  which  is  a  principal  constituent  part  of  gran- 
ite and  gneiss,  occurs,  only  occasionally,  in  irregular  masses  in  this 
rock.  The  colour  of  mica  slate  is,  generaUy,  a  silvery  or  pearly 
white,  inclining  to  a  bluish  grey  or  a  light  green;  it  is  sometimes 
nearly  black,  and  when  weathered,  is  generally  yellow.  I  have  a 
specimen  of  mica  slate  from  North  America,  which  has  the  purple 
colour  of  the  amethyst ;  but  such  deviations  from  the  common,  col- 
oars  are  rare. 

Crystals  of  garnet  are  frequently  disseminated  in  mica-slate :  it 
contains,  occasionally,  crystals  of  other  minerals.  It  has  a  slaty 
structure,  and  is,  often  waved  and  contorted,  and  divided  by  thin 
kminse  of  quartz.  It,  sometimes,  contains  beds  and  lamine  of  ciys- 
talline  limestone,  or  is  intermixed  with  serpentme.  '  Frequently  also 
mica  slate,  contains  beds  and  veins  of  metallic  ores.  The  gradation 
of  mica  slate  into  gneiss  and  clay  slate,  and  the  transition  from  gran- 
ite to  mica-slate,  may  be  seen  distinctly  in  some  of  the  rocks  near 
Bray,  in  the  county  of  Wicklow  in  Ireland,  where  I  observed  tbat 
the  beds  of  mica-slate -adjoining  the  granite,  are  traversed  by  mune- 


♦'  The  partings  or  divisioDS  in  rocks,  which  may  be  properly  denominated  rents 
are  distinct  from  those  which  are  the  effect  of  erystaUization,  and  may  be  diatin- 
gaiBhed  by  their  irregalarity  and  roughness,  and  the  indeterminate  manner  in 
which  they  intersect  the  stone.  Some  partings  have  evidently  been  the  resalt  of 
mechanical  causes. 


miOa  slate.  73 

rousand  la]^e  seams  of  quartz,  running  parallel  with  the  slaty  struc- 
ture of  the  rooky  and  increasing  in  size,  as  they  approach  the  granite^ 
The^quartz  has  a  greasyjaspect,  and  is  evidently,  of  cotenaporaneous 
formadoo'with  the  mica-slate  and  granite. 

Mica-slate  has  a  near  affinity  to  clay  slate ;  and,  as  I  have  arranged 
the  latter  with  rocks  of  the  second  elass,  it  may  perhaps  be  doubted 
whether  mica-slate  should  not  also  have  been  transferred  to  the  same 
class.    No  well  characterised  rocks  of  mica-slate  of  any  extent  oe- 
curin  Enghnd.     I  noticed  a/micaceofis  rock,  which  may  be  consid- 
ered as  an  imperfect  kind  of  mica-slate,  near  the  granitic  rocks  of 
Mount  Soar  Hil) ;  but  'it  was  covered  by  wood,  which  concealed  its 
junction  with  other  rocks.     On  the  western  side  of  Anglesea,  near 
Holyhead,  there  are  numerous  rocks,  of  an  intermediate  kind,  be- 
tween mica-slate  and  talcous  slate.    The  lamine  are  separated  by 
very  thin  seams  of  quartz ;  and  I  observed  some  of  them  bent  and 
contorted  in  various  directions,  as  is  not  unfrequently  the  case  with 
mica-slate  in  other  districts. 

The  mica-slate  on  the  opposite  coast  of  Ireland,  near  Bray,  I  am 
inclined  to  consider  as  of  the  same  formation  with  that  in  Angtesea. 
Probably,  this  rock  stretches'  under  the  Irish  Channel,  of  which  in 
diat  parallel  of  latitude  it  may.  form  the  bed.  The  structure  of  both 
rocfai  is  the  same,  presenting  the  same  divisions;,  by  thin  lamins  of 
quartz,  but  the  mica  of  Atiglesea  is  more  combined  with  talc. .  Mica- 
slate  abounds  in  the  Highlands  of  Scodand,  and  in  many  alpine  dis- 
tricts in  Europe,  particularly  in  the  Pennine  Alpa. 

Gneiss  and  mica-slate  are  nearly  allied  to  each  other  and  to  grain 
ite.  Circumstances,  attending  the  formation  of  granite,  appear  to 
have  produced  a  different  arrangementof  the  component  ingredients. 
This  is  the- more  probable,- as  both  gtieiss  and  mica  slate,  sometimes, 
graduate  into  granite,  and  have,  at  other  times,  a  porpbyritic  strucr 
ture.  In  some  situations,  the  causes  which  change  granite  into  gneiss 
or  mica-slate  have  not  operated  ;  and  we  6nd  neither  x>f  these/ sub- 
stances separating  granite  firom  the  rocks  of  the  next  class* 

Ad  opinion  has  been  advanced  by  Jh^  MaccuUoch,  fhat  gneiss 
and  niica-slate  have  been  deposited  by  water,  though  he  admits  the 
igneous  formation  of  granite :  but  granite  is  known,  as  before  stated, 
to  vary  much  in  the  proportion  and  size  of  its  constituent  minerals 
even  in  the  same  rock.  Now,  wherever  the  felspar  was  deficient, 
and  the  mica  and  quartz  abundant,  or  where  the  felspar  was  more 
granular  and  the  mica  abundant  the  same  process  that  formed  gran- 
ite in  one  part>of  a  rock,  would  form  gneiss  or  mica  slate  in  another. 
Every  one  who  has  examined  the  grapit  veine  of  the  Alps,  tit  ntu, 
win  admit,  that  it  had  die  same  Origin  as  common  granite ;  and  again 
they  could  scarcely  hesitate  to  say,  that  gneiss  and  granit  veinl  are 
onlj  mere  varieties  of  the  same  rock,  and  must  have  had  one  com- 
mon origin.  T^e  mica,  in  gneiss,  is  as  much  an  igneous  formatm  as 
that  m  granite,  or  in  some  volcanic  rocks. 

10 
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Gneiss  aDi)  mica-slate,  being  Deartj  siinilar  ib  -tbeir  ooDslitaeot 
parts  and  geological  position,  most  of  the  roetallic  ore^  and  minerals 
fatund  in  one  rock,  occur  also  in  tbe  other.  CrystaUine  Knoestooe, 
hornblende,  talc,  and  serpentine,  more  frequently,  form  beds  in  mica 
state  than  in  gneiss.  Tbe  waved  structure  is  very  cojninon  io  ouca 
slate,  and 'the  beds  are,  often,  most  singularly  bent  and  contorted. 

Takaus  Slate  and  Chlorite  Slate  appear  iq  he  difierent  mddifica* 
tiens  of  the  same  mineral  substanbes :  in  the  former)  tbe  strnctore  is 
laminated,  in  the  latter  it  is  minutely  laminated  or  granular;  the  pre- 
vailing colour  of  both  inclines  to  green.  These  rocks  are  soft  and  sa- 
ponaceous to  the.  touch,  and  sectile.  Mica-slate  appears  to  grtdim&e 
into  talcous  slate,  particularly  in  the  vicinity  of  Mont  Blanc.  In  Cattt-^ 
berland  and  Scotland,  talcous  and  chlorite  slate  pass  into  common  roof 
slate,  and  alternate  with  it :  the  change  appears  to  be  owing  to  a  great- 
er mixture  of  magnesian  earth  in  talc  slate,  than  in  commoJi  slate. 
Some  varieties  of  chlorite  slate  are  harder  and  darker,  and  approach 
nearly  to  hornblende  slate>  The  passage  from  talcous  ^late  to  ser* 
pentine  forms  potstone.  In  primary  nniimtainsj  talcous  slate  frequent- 
ly occupies  the  place  of  rnica^slate,  and  is,  sometimes,  confenii^ed 
with  it^  the  two  minerals,  talc  tind  mica,  nearly  resembEng  each  oth- 
er. See  Chap.  IIL  The  largti  plates  of  mica,  which  are  RiMJe  to 
atipply  the  place  of  glass  in  some  lanterns  and  in  the  slides  for  micro- 
scopes, are  always  miscalled  talc.  Sometimes,  mica-date,  Trom  an 
intermixture  with  talc,  forms  an  intermediate  rock,  ^hich  partaken  of 
the  characters  of  both  rocks :  spch  mica-slat^  has,  generally,  a  greeiH- 
isb  colour,  and  is  softer  .than  common  mica-slate. 

Crystalline  Or  Primary  Limestone^  of  which  statuary  marble  is  a 
valriety,  occurs,  principally,  forming  beds  in  primary  moimtakis. 
Beds  of  this  mineral  occur  rarely,  in  granite,  more  freqofBtly^  in 
gneiss,  but  are  most  common  in  mica^slate,  with  whichi;odcitis  often 
much  intermixed,  apd  often  ahernates  with  it.  it  is  observed,  that 
the  primary  limestone  in  granite  and  gdeiss,  is  coarser  grained  than 
that  in  mica-slait^  or ;  common  slate.  Primary  limestone  is,  oftea 
much  intermixed  v^nh  serpentine.  Wbenbeds  of  primary  limestone 
occur  of  considerable  thickness,  they  sometimea  contain  veins  of  me* 
tatticores. 

Crystalline  or  primary  fimestone,  when  pure,  is  composed  of  cal- 
careous earth,  which  scarcely  exists,  as  a  component  part  of  granite, 
gneiss  or  mica-slate.  In  primary  mountains  no  organic  remains  are 
found  in  the  crystalline  limestone;  the  structure  is  granular;  the  white 
variety,  known  as  statuary  marble,  resembles  iiBe  loaf-sugar,  aad  is 
imperfectly'  translucent ;  hbnce,  it  has  been  called  by  the  French 
ehiux  carbanatie  sacoaroide.  The  color  of  primary  limestone  is^ 
sometimes,  yelbwish,  greenish  or  inclining  to  red.  From  a  mixture 
of  mice,'  it  has,  often,  a  slaty  fracture  and  divides  in  plates.  It  msLj 
be  fbnher  deserving  of  notice,  that  primary  limestone  or  statuarj 
marble,  frequently,  contains  a  considerable  quantity  of  siliceous  earth, 
to  which  it  owes  its  hardness  and  durability. 


PUKABT  LUEBBTONB  AUD  COKAI.  ISLANDS,  7f 

Nekker  in  En^Md  nor  Wales,  bave  aiijr  rodcs  df  limestone  beea 
fofondf  which  possess  the  crystalline  transluceot  qualities  of  statuary 
marUe,  tboogb  very  beautiful  marbles  occur  which  will  receive  a 
high  polish ;  these  beloog  to  tb^  Umestohe  which  will  be  described 
in  the  ibHowiog  chapter.  White  marble  is  procured  from  Italy, 
Switzerkod  and  the  Greciao  Archipelago. 

Imperfectly  white  crystalline  limestone  occurs  in  different  parts  of 
Scodand,  intermixed  with  serpentine  end  micfi  slate.  Crystalline 
limestooe  b  found  also  in  the  Hebrides,  particularly,  in  the  Isle  of 
Sky ;  bat,  it  well  deserves'attention  th^t  this  limestone,  in  the  latter 
island,  evidently  appears,  to  be  secondaty  limestone  (lias,)  changed 
in  its  character,  by  its  cont^uity  to  trap  rocks,  which  were^  in  aU 
probability,  in  a  state  of  igneous  fusion.  In  other  alpine  districts, 
the  iroestones •called  primaiy,  appear^  also,,  to  have  derived  their 
Giysialline  character  from  the  action  of  igneous  rocks  in  their  vicinity, 
and  hence,  ought  not  to  be  classed  with  primary  formati<His.  I  have 
seen  in  the  Alps,  many  beds  of  extreihely  hard  white  limestone,  which 
have  all  the  characters  of  primary  limestone,  With  the  exceptioo  of 
being  somewhat  less  granular.  These  beds  occur  over  other  beda^ 
containing  the  fossils  .found  in  green  sand,  and  may,  therefore,  be 
classed  with  chalk..  That  the  highly  crystalline  limestone  which  oc* 
cats  near  primary  oHMutains  has  been  in  a  state  of  fusion,  is  rendered 
probaUe  by  the  crystals  of  garnet  and  siiioeous  minerals  which  arf 
often  imbedded  in  it.  ^hese  minerals  oould  not  have  been  deposi- 
ted from  an  aqdfous  solution. 

It  was  once , supposed,  that  all  calcareous  rocks  and  strata  were 
composed  of  the  sh^lbof  marine*  animals,  and  it  cannot  be  doubted, 
diat  many  of  them  are  eotirely  formed  of  th^se  organic  remains: 
but,  in  the  beds  of  primary  limestope,  and  even  iq  some  of  the  seco 
oodary  limestones,  no  vestiges  of  sujt^  remains  occur.  It  may  be 
said,  that  the  process  by  which  primary  limestone  was  crystaHiaed, 
destroyed  all  traces  of  organisation ;  and  though  it  would  be  impos- 
sible to  disproTe  this,  yet  there  is  no  reason  to  belive  that  Kme  may 
not  exist  as  an  elementary  earth,  like  silex  or  alumine,  independent 
of  the  operations  of  animal  life.  It  does  so  exist;  as  a  component 
part  of  many  minerals,  and  it  may  have  existed  in  sufficient  quandty 
to  form  the  inountains  of  primary  limestone. 

It  is,  however,  a  curious  but  undoubted  fact,  that  no  incoosidera<- 
Ue  portkm  of  the  earth's  surface  has  been  formed  by  organic  secre«- 
tk» ;  and  the  process  is.  still  going  on,  extensively,  in  the  Pacific  and 
Indian  seas,  where  multitudes  of  coral  islands  emerge  above  the 
waves,  and  coral  shoals  and  reefs  occur,  at  small  depths  beneath  the 
water,  in  which,  according  to  the  observations  of  MM.  Quoi  and 
Gaimard,  the  animals  may  be  seen.  "  Some  spread  out  into  fans, 
or  ramify  into  trees ;  some  are  round  like  balls ;  their  varied  and 
elegant  fornas  mingle  and  blend  together,  and  reOect  the  varied  hues 
of  red,  blue  and  yeUow."    As  one  generatbn  dies  and  leaves  its 
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calcareous  retnaios,  another  succieeds,  until  the  mass  of  ooral  is  rais- 
ed to  the  surface,  when  the  formation  ceases.  Fragments  o^  c«ral 
are  afterwards  broken  off  by  the  waves,  during  storms,  together  with 
shells,  weeds,  and  sand,  and  are  driven  upon  the  other  parts  of  the 
island,  and  continue  to  elevate  it  until  it  is  above  the  reach  of  their 
action.  From  the  accounts  of  the  above  natiiralists,  aikl  the  more 
recent  observatiotrs  of  Captain  Beechjr,  it  appears,  that  the  species 
of  polypi  that,  chiefly,  form  coral  islands^  do  not  exist  at  greater 
depths  than  a  few  fathoms  below  the  surface  ;*  thei*efore,  the  deep 
soundings  taken  near  these  islands  prove,  that  ooral  forms  the  crests 
of  steep  submarine  mountains,  which  were  ph)b8(bly  volcanic,  as  these 
crests  havQ  frequently  a  circular-  shape,  but  are  opfen  6n  one  side, 
leaving  a  passage  to  a  circular  lagoon  oi^  lake  within,  which  is  shal- 
low, and  supposed  to  fill  the  crater  of  a  submarine  volcano.  Though 
the  beds  of  coral  that  form  islatids  are  inot  of  the  vast  thickness  which 
had  been  supposed,  yet  they  rival,  in  extent  and  magnitude,  some  of 
the  large  calcareous  formation?  of  our  present  ooDtinents.f  Beds  of 
oyster  shells,  mbtiy  miles  in  length,  are  also  known  to  occur  in  Euro- 
pean  seas ;  thus,  millions  of.  small  marine  animals  are  preparing  fu* 
ture  abodes  for  other  classes  of  animak  of  larger  size,  and  living  in 
another  element.  Whence  do  thes^  fnnumerable  zoophytes  and 
moUuscous  animals  procure  the  lime  which,  mixed  with  a  small  por- 
tion of  animal  matter,  forms  the  solid  covering  by  which  .they  are 
projected?'  Have  they  the  power  of  separating  it  from  other  sub- 
stances, or  the  still  more  extraordiuary  faculty  of  producing  it,,  from 
simple  elements?  The  latter  I  consider  as  more  probable;  for,  the 
polypi  which  accumulate  rocks  of  coral  have  no  power  of  locomo- 
tion ;  their  growth  is  rapid,  and  the  quantity  of  calcareous  matter 
they  produce,  in  a  short  $pace  of  time,  can  scarcely  be  supposed  to 
exist  in  the  waters  of  the  ocean  to  which  they  hav6  access,  as  sea 
water  contains  but  a  minute  portion  of  lime. 

It  is  now  ascertained,  that  lime  and  the  other  earths  are  com- 
pounds of  oxygen  united  with  metallic  bases ;  and  the  brilliant  dis- 
coveries of  Sir  H.  Davy  respecting  the  metallic  nature  of  ammonia, 
would  lead  to  the  conclusion,  that  the  metallic  bases  of  all  the  alka- 
lies and  alkaline  earths,  which  have  many  properties  in  common, 
may,  like  ammonia,  be  compounds  of  hydrogen  and  azote,  but  dif- 
ferently combined.  Now  it  is  well  known,  that  hydrogen  and  azote, 
which  exist  as  elementary  constituent  pait^  of  almost  all  animal  sub- 
stances, may  be  derived  ii'dra  water  and  the  atmosphere ;  and  should 
the  compound  nature  of  the  metallic  bases  of  the  earths  be  ascer- 
tained, the  formation  of  lime  by  animal*  secretion  will  admit  of  an 
easy  explanation. 


♦  Some  species  ol'  corjil  were  brought  up  by  souodiiijjs,  (Vom  the  depth  of  ouc 
hundred  fathoms  or  more. 

t  Some  of  these  islands  are  considerably  elevated  above  the  level  of  the  sea;  in 
aU  probability  they  have  beea  upheaved  by  volcanic  agency. 
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DcicmiUj  so  caUed  in  honor  of  the  French  gedogist  Doloinieu,  is 
a  varie^  or  nxxliGcation  of  Jimestone ;  h  contains  48  parts  of  mag- 
nesian  earth,  combined  with  53  parts  of  calcareous  earth.  Dolomite 
is  found  in  rocks  of  different  classes ;  that  which  occurs  at  St.  Go- 
thard,  an4  other  parts  of  the  Alps,  closely  resembles  white  primary 
limestone  :  it  is  minutely  granular,  and  the  grains  are  easily  separa- 
ted by  the  finger ;  but  some  varieties  are  harder.  Dolomite  and  the 
magnesian  limes(tones  in  the  secondary  strata,  dissolve  with  more 
difficulty  in  acids,  than  common  limestone.  Dolomite  forms  vast 
beds  in  the  western  Alps ;  it  occurs  also  in  various  parts  of  the  Ap- 
pennines;  in  Carinthia  there  are  entira  mountains  of  Dolomite.  The 
beds  of  Alpine  Dolomite  are  often  much  broken,  apparently  by  the 
protnisida  of  beds  and  masses  of  porphyry.  The  eminent  geologist 
Voo  Bueh  maintains,  that  limestone  ha^  been  converted  into  Dolo- 
mite by  its  proximity  to  porphyry  in  fusion,  and  that  the  magnesia 
has  been  transferred  from  magnesiap  minerals  in  the  porphyry  to  the 
limestone  ;  the  magnesia  being  leduced  lo  vapor  or  gas.  Great  diffi- 
culties attend  this  thqory ;  I  shall  hereafter  notice  situations  in  Eng-r 
land,  where  the  -  theory  might  be  subjected  to  the  test  of  direct  ex- 
periment* For  the  present,  it  may  be  sufficient  to  notice,  that  many 
strata  of  magnesian  limestone  appear  .far  removed  from  the  possible 
influence  of-  igneous  rocks.  Magnesia  is  ibund  in  many  earthy  min- 
erals, and  may  be  regarded  as  a  constituent  element  pf  the  globe. 

Sitfentint  derives  its  name  from  ijis  variegated  colors  and  spots, 
supposed  to  resemble  the  serpent's  skin  :.  its  chemical  compositiod 
has  been  before  described.  The  colors  are,  most  generally,  various 
shades  of  light  and  dark  green,*  which  are  inteFmixed  in  spots  and 
ck)uds;  some  varieties  are  red.  When  fresh  broken,  it  has  some 
degree  of  lustre,  and  a  slightly,  unctuous  feel ;  wh^n  pounded,  the 
powder  feels  soapy.  It  is  harder  than  limestone,  but  yields  to  the 
point  of  a  knife,  and*  will  receive  a  very  high  polish.  When  serpen- 
tine is  found  intermixed  with  .patches  of  crystalline  white  marble,  it 
constitutes  a  stone,  denominated  verde-antique,  which  is  highly  val- 
ued for  ornamental  sculpture.  Some  varieties  of  serpei^tiae  are  trans- 
bcent,  in  others,  there  is  an  appearance  of  crystallization,  forming  a 
mineral  called  diallage  or  schiller  spar.  The  minerals  associated  with 
serpentine  are  generally  those  allied  to  talc.  Compound  rocks  in 
whksh  talc  and  hornblende  are  predominating  ingredients,  pass  into 
serpentine.  ^Magnesia  enters,  largely,  into  the  composition  of  these 
rocks.  A  late  analysis  of  one  Icind  of  serpentine,  gave  forty  eight 
per  cent,  of  this  earth.  Serpentine,  commonly  oc(;urs  in  gneiss  and 
mica-slate,  in  beds,  which  arc  sometimes  so  thick  as  to  compose 
mountain  masses  of  consideral)le  height.  Serpentine,  sometimes, 
becomes  magnetic,  from  an  intermixture  with  minute  partides  of 
magnetic  ironstone.  Many  of  the  alpine  districts  in  Europe  contain 
rocks  and  beds-  of'  serpentine ;  but,  according  to  Patrin,  there  is  no 
serpentine  in  northern  Asia,  nor  was  it  seen  by-Humboldt  in  the  An- 


78  SERP^NTUfS. — ^BUPHODITS  OR  SA0S80RITE. 

des :  it  is  not  UDOommoD  in  the  United  Slates  of  North  America. 
In  the  Alps,  it  is  obsenredi  that  the  rocks  of  serpentine  lie  prinoipallj 
on  that  side  which  faces  Italy,  and  the  coast  of  Genoa.  There  is  « 
soft  kind  of  serpentine,  sufficiently  tenacious  to  be  turned  in  a  lathe 
into  vessels  of  any  shape,  which  resist  the  action  of  fire  :  hence  tbej 
are  used  for  cuEoary  and  othier  purposes  in  some  parts  of  Switzer- 
land, in  Lomfaardy,  and  even  in  Higher  Egypt.  The  use  of  this 
stone  is  of  great  antiquity,  being  distinctly  mentioned  by  Pliny ;  it  is 
called  lapis  oUarisj  or  potstone.' 

In  Cornwi^ll,  serpentine  occurs  with  a  micaceous  rock  lying  over 
granite,  and  forms  part  of  the  promontory  called  the  Lizard  point. 
It  occurs  also  near  Liskeard,  in  the  same  county.  It  is  not  mtetwith 
in  any  other  part  of  England  that  I  know  of;  but  I  have  observed 
rocks  approaching  the  nature  of  serpentine^in  Charnwood '  Forest, 
and  in  the  county  of  Radnor,  in  Wales. 

'  Beautiful  varieties  of  red  and  green  serpentine  occur  in  the  Isle  of 
Anglesea,  about  sit  miles  from  the  Paris  copper-mine.  It  is  found 
in  beds  of  great  thickness,  associated  with  the  common  slate-roeks  of 
the  district,  which  approach  in  their  nature  to  talcous  slate :  asbestus 
lies  in  considerable  quantities  in  \he  partings  between  the  beds  of 
serpentine. 

Some  of  the  specimens  of  this  serpentine  have  the  characters  of 
the  precious  or  noble  serpei^tine ;  the  colours  are  principally  Jark 
green,  intermixed  with  spots  ai\d  clouds  of  lighter  green,  and  shining 
lamina^  of  scbiller  spar,  or  crystallized  serpentine.  The  fracture  is 
concboidal,  and  it  is  translucent  at  the  edges.  It  resists  the  point  of 
a  copper  or  brass  tool,  and  breaks  with  great  difficulty.  Some  varie- 
ties contain  crystalline  limestone,  but  in  smaller  patches  than  in  the 
Italian  verde-antique  ;  occasional  stripes  aqcl  spots  of  steatite,  asbest» 
and  quartz,  'occur  in  it.  The  red  is  sometimes  intermixed  with  a 
great  variety  of  other  rich  colours  in  the  same  ston^,  as  .black,  white, 
greenish  \^bite,  and  dark  green.  It  mdy  ^e  considered  as  a  valuable 
etone  for  purposes-  of  ornamental  architecture,  for  in  beauty  and  du« 
nihility  it  is  not  exceeded  by  the  costly  marbles  of  Greece  or  Italy. 
•By  a  mixture,  of  'serpentine  with  talc  or  steatite,  serpentine  be- 
comes soft  and  sectile,  and  forms  the  mineral  called  potstone,  before 
mentioned.  A  different  combination  of  crystallized  serpentine  {dial' 
lage)  with  jade,  or  felspar,  forms  one  of  the  hardest  and  heaviest  of 
known  rocks.  It  was  first  noticed  by  Saussure  in  rounded  pieces 
and  loose  blocks,  scattered  over  several  parts  of  the  valley,  near  the 
Lake  of  Geneva  :  to  this  mineral  the  nam^  of  Saussurite  has  been 
given.  It  is  much  harder  than  quartz,  and  its  specific  gravity  is  3*35,: 
it  is  the  hardest  and  heaviest  of  known  rocks,  composed  only  of 
earthy  minerals :  the  colour  is,  generally,  greenish.  Some  varie- 
ties of  saussurite,  as  well  as  of  serpentine,  by  exposare  to  the  actioD 
of  water,  acquire  an  external  jpolish,  like  a  coat  of  varnish .:  this  tnnj 
be  observed  in  the  pebbles  of  bright  green  sausstnrite  near  Moot  St. 
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Gothard,  and  io  the  serpentine,  tt  the  Lizard  in  ComwalL  Fo^p  a 
coniiderable  time,  it  was  unknown  where  saussurite  occurred  in  situ; 
it  has  sinoe,  beep  discovered  in  immense  beds,  associated  with  ser- 
pentine, in  the  valley  of  Sas^  in  the  Hant  Valoi^.  Near  Nyon,  on 
theLa^e  of  Geneva,  one  hundred  and  twenty  miles  distant,  there  is 
1  field,  over  which  are  scattered  large  blocks  of  the  same  stone,  and 
on  account  of  their  unconquerable  hardnea^,  the,proprie|lor  has  been 
unable  to  remove  them  by  blasting.  Beds  of  saussunte  occur  oa 
the  soutbem  side. of  the  Alps,  and  in  the  Appennines,  A  yery  inter* 
esfmg  description  of  the  saussurite  and  serpentine  of  the  Appennines 
has  been  published  by  M.  Brongniart,  entitled  Sur  h  Gisemeni  oti 
Position  relative  des  Opkiolites,  EuphotideSj  et  Jaapes,  dant  quel'^ 
ques  Parties  des  Appennines.*  In  these  mountains,  the  serpentine 
rests  upoa  saussurite,  the  saussurite  on  strata  of  jasper,  and  the  latter 
on  secondary  limestone.  This  position  is  remarkable,  for  geologists 
had  long  supposed  that  all  serpentines  were  more  abcient  than  the 
secondary  rocks.  It  has,  however,  been  recently  discovered,  that 
some  trap-rocks  which  are  in  contact  with  beds  of  limestone,  or  cut 
through  beds  of  limestone,  are  changed  intd  serpentine;  apparently 
hy  intermixture  with  calcareous  earth.  This  discovery  throws  much 
Bgbt  on  the  true  nature  of  serpentine :  we  can  no  longer  be  surprised 
at  finding  these  rocks  in  formations  of  different  epochs.  Though 
serpentine  may,  in  many  instances,  be  considered  as^a  rock  whose 
quality  has  been  changed  as  before  stated,  yet  it  would  be  contrarjr 
to  sound  induction  to  maintain  that  serpentine  may  not,  iti  other  in- 
stances, be  an  original  rock  formation.  Wherever  the  earths  that 
compose  serpentine,  have  occurred  together  in  due  proportions,  the 
same  causes  which  ha vq  produced  other  mineral  combinations,  may 
have  formed  serpentine  :  it  is  rendered  almost  certain  that  this  has 
been  the  case,  as  many  rocks  containing  chlorite  and  hornblende, 
appear  to  pass  by  gradation  into  serpentine. 

HorMende-Rock  and  Hornblende- Slate. — This  mineral  has  been 
described  Chap.  III.  When  it  forms  the  principal  parts  of  rocks, 
the  colour  is  commonly  a  greenish  black.  Massive  hornblende,  in 
rocks,  is  generally  coarsely  granular  and  lamellar ;  in  hornblende- 
slate,  it  is  frequently  radiated  or  fibrous,  and  when  the  fibres  are 
very  minute  it  has  a  velvet-like  lustre.  Hornblende-slate  occurs  in 
beds  in  granite,  gneiss,  and  mica-slate,  and  occasionally  in  common 
slate:  it  appears  to|)ass  by  gradation  into  serpentine  :  the  change  is 
efifected  by  an  increase  of  magnesia,  which  forms  one  of  the  con- 
stituent parts  of  hornblende. 

Hornblende  in  large  lamellar  grains  intermixed  with  felspar,  forms 
sieoite,  which  it  was  remarked  in  the  last  chapter  is  not  uofrequent- 

*  h  ii  to  be  reg^r^ted  that  so  excellent  an  observer  and  mineralogist  as  y^l 
Brongniart,  who  ia  so  justly  eminent  for  his  scientific  laboars,  should  have  thoofhl 
ii  necessaiy  to  burden  Qeolosy  with  two  additional  new  names.  Serptatine  lie 
has  denomukated  ofkUflite  ^uddsaossariie  euphfiiidt. 
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]y  associated  witb  granite :  the  passage  of  one  rppk  into  tbe  odier 
by  the  increase  or  decrease  p{  fekspar,  may  frequently  be  observed 
in  the  same  mountain.  When  hornblende  and  felspar  are  more  in- 
timately blended,  they  form  the  rock  called  by'theOernians  Green" 
stone^  by  the  French  Diabase  ;  and  with  other  rocks  of  similar  com- 
position, are  frequently  described  as  trap-rocks,  and  by  the  French 
as  rochesamfhiboliques :  'these  will  be  nao're  properly  noticed  ia  the 
subsequent  chapters.  When  the  hornblende  and  felspar  are  so  close- 
ly and  minutely  intermixed -that  the  rock  appears,  homogeneous,  tbe 
trap  has  all  the  external  character  of  a  rock  (hereafter  to  be  more 
fully  described)  called  Basalt.^  In  examining  the  geobgical  speci- 
roen$  of  Saussufe  in  thQ  museum  ^t  Geneva,  I  observed,  tha.t  tbe 
rocks  which  he  so  frequently  nlentions  tinder'tbe  name  of  Comeenne, 
are  mixtures  of  hornblende  and  felspar,  in  which  the  former  min- 
eral predpmitiates. 

'  Horifblende  intermixed  with  felspar,  foi'ming  sienite  and  green- 
stone, occurs  at  the  Malvern  Hills,  in  Worcestershire ;  at  the  Qiara- 
wood  Forest  hills  in  Leicesteishire ;  and  in  Cornwall,  Cumberland, 
and  North  and  South. Wales.-  Very  little  well  characterized  horn- 
blende-slate is  found  in  any  part  of  England,  but,  it  occurs  abund- 
antly in  the  alpbe  parts  of  Scotland^  and  in  most  of  the  principal 
mountain  ranges  in  Europe.  The  various  intermixture^  of  horn- 
blende and  Felspar,  to  which  the  name  of  trap-rocks  is  frequently 
given,  may  more  properly  be  classed  with  transition  rocks.f 

Porphyry  derives  its  namd  from  a  Gceek  word  denoting  purple; 
the  rock  to  which  it  was.  at  first  applied  had  a  purple  colour.  In  the 
modern  acceptation  of  the  term,  any  rock  which  is  compact  or  fine- 
ly granular^  and  contains  distinct  Imbedded  crystals,  is  called  Porphy- 
ry, whatever  be  its  colour.  The  base  or  paste  of  most  porphyritic  rocKs 
is  felspar;  ^nd  theinibedded  crystals  are  also  felspar,  •  though  there 
may  be  also  small  gtains  or  crystals  of  quartz  or  other  minerals.  It 
i : : . : 

*  Tbe  rock  to.  which  the  French  give  the  name  of  Diabase,  the  compact  trap 
of  Werner,  reseinbles  basalt  (which  the  Chrench  call  Dolerite)  so-ck^ely/ botn 
in  composiiion  and  physical  characters,  that,  the  division  into  two  species  seems  to 
have  been  made  principally  to  serve  the  purposie  of  theory.  Diabase  is  composed 
of  felspar  and  hornblende,  and  dolerite  or  felspar  and  augite  intimately  com- 
bined. Biit,  as  hornblende  and  augite^  do  not  differ  more  in  chemical  composi- 
tion, than  one  species  of  hornblende  differs  from  another,  and  zls  these  two  min- 
erals are  to  be  distinguished  only  by  their  crystallization ;  -^hen  they  occur  un- 
crystallized,  may  they  not  be  Regarded  as  identical  ?  It  is  true,  auerite  occurs 
abundantly  in  rocks  of  undoubted  igneous prigin,  and  in  the  lavas  of  recent  vdl- 
canoes ;  hornblende  occurs  also  in  basaltic  lavas,  but  more  frequently,  in  rooks 
of  which  the  igneous  origin  is  not  ^o  generally  admitted :  yet  it  may  be  fairly 
doubted,  whether  the  distinction  between,  compact  diabase,  and  compact  dole- 
rite,  has  not  been  made  in  order  to  form  gratuitous  conclusions  respecting  the  dif- 
ferent brigip  of  rocks,  which  are,  ill  chemical  compoisition  and  external  charac- 
ters, essentially  the  same. 

.  t  Dr.  Macculloch  states  an  instance  in  Shetland,  where  slate  (clay-slate)  ap- 
pears to  be  converted  into  hornblende-slate  by  approximating^  to  granite ;  bat  no 
inference  can  be  fairly  drawn  from  a  solitary  instance  of  this  kind,  as  there  is  no 
evidence  to  prove  that  the  hornblende-schist  is  not  an  original  rock. 


VfttKABT  ASD  TRANSITION  ttOONTAlNS. 


s '  r 


bas  been  stated,  in  the  preceding  chapter,  (hat  grz,ijj^ri^Bo^^a^^    '^  ^/  ^ 

finer  grained,  frequently  passes  to  the  state  of  porpi 

of  the  French  geologists,  and  the  weiss-stein  or  w) 

ner,  is  a  granite  in  which  the  felspar  is  the  principal\>giiSti>uflQt^WP(,       -  \. 

and  'is  either  finely  granular  or  nearly  compact.    To  tfil 

lisb  geologists  giv^  the  name  of  compact  felspar :  the  whit^ 

the  Cornish  miners  is  a  porphyritic  eurite. 

Geologists  have  described  four  formations  of  porphyry,  but  it  is 
generally  agreed  that  there  is  much  uncertainty  with  respect  to  the 
atuation  of  these  formations.  The  porphyrv  which  occurs  regularly 
imbedded  in  granite^  or  which  appears  to  be  formed  by  a  mere  change 
of  structure  in  that  rock,  may  properly  be  classed  with  primary  rocks: 
it  is  not  considered  to  be  an  extensive  formation ;  the  white  elvan  of 
Cornwall,  and  probably  the  porphyry  as^o6iated  with  mica-slate  ia 
Ai^Ieshire,  belong  to  this  formation.  Porphyry  also  occurs..in  enor- 
mous masses,  sometimes  intersecting  and  sometimes  covering  prima- 
ry mountains.  The  granite  of  ,Ben  Nevis  in  Scotland  is  intersected 
by  veins  of  porphyry ;  and  at  the  head  of  Glen  Ptarmagan,  a  cliff 
of  porphyry  1500  feet  high,  shaped  like  an  oblique  truncated  .pyra- 
mid, passes  through  granite.*  Porphyry,  imbedded  in  transition 
roeks,  or  associated  with  trap  or  volcanic  rocks,  must,  generally,  be 
regarded  as  ootemporaneous  with  the  formations  in  which  it  occurs. 
Porphyry,  is  in  some  instances,  an  undoubted  voloanic  formadon, 
and  presents  a  connecting  gradation  between  grapitic  primary  rocksi 
and  those  of  a  more  recent  igneous  origin.  Wherever  porphyry 
occors  unconformably,  covering  other  rocks,  it  is  evidently,  more  re* 
cent  than  the  rocks  on  which  it  rests,  and  must  be  classed  with  ba- 
saltic or  trap-rocks;  this  porphyry  wUl  be  described  with  them  in  a 
subseouent  chapter. 

Before  taking  leave  of  the  rocks  classed  as  Primary,  it  may  be 
proper  to  notice  that  some  of  the  rocks  associated  with  granite,  gneiss^ 
and  mica-slate,  occur  also  in  the  transition  class,  and  even  in  the 
lower  secondary  strata.  The  same  causes  by  which  they  were  form- 
ed anKmg  primary  rocks  have  also  operated  at  a  later  period :  indeed, 
one  of  die  well  known  rocks,  limestone,  has  been  deposited  or  form- 
ed in  all  the  different  classes  of  rocks  except  the  volcanic,  ^d  must 
therefore  receive  its  name  from  the  class  with  which  it  is  associated } 
as  piimary  limestone,  transition  limestone,  8cc.  In  some  instancesi 
the  mineral  characters,  or  the  fossils,  serve  to  distinguish  rocks  of  the 
same  kind,  that  occur  in  the  different  classes  or  formations  s  thus,  the 
rocks  associated  with  primary  rocks  are  generally  harder  and  more 
ciystallbe  than  the  same  species  of  rock  which  occurs  m  the  second- 
aiy  class;  but  this  is  not  invariably  the  case. 


*  Phil.  Mag. 
11 
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CHAPTER  Vn. 

ON  INTERMXDIATE  OR  TRANSITION  ROCKS. 

Oharactiirs  and  Classification  of  Transition  Rocks. — Slate  or  Clay-Slate.— Pecnl' 
iarities  of  Structure. — Virieties  of  Slate. — Flinty  Slate.— Greywacke  and  Grey- 
wacke-Slate;  its  Passage  into  Red  Sandstone  and  Gritstone. — Errors  of  Geolo- 
gists respecting  the  old  Red  Sandstone. — Lower  Transition-Limestone:  re* 
markable  position  of  its  Bed§. — Upper  Transition  or  Mountain  Limestone. — 
Magnesiad  Limestone,  ill  Af  ountam  Limestone. — Peculiarities  in  the  Stratifi- 
cation of  ClondsHill. — Errors  respecting  the  Mountain  Limestone  of  Derby- 
shire.— Remarkable  Structure  of  Crich  Clifili-Ctyartz  Rock.— Jasper  Green- 
stone.— Coal  Strata  in  England  separate  the  Upper  Transition  Rocks  from  the 
Secondary  .^-Observations  on  the  Transition  Rocks  of  distant  Countries. — ^Er- 
rors of  Geologists  respecting  them. 

Transition  or  intermediate  rocks  cover  rocks  ofibe  primary  class, 
tnd  are  distinguished  as  the  lowest  rocks  in  which  the  fossil  remains 
of  animals  or  vegetables  are  found ;  they  -may  be  regarded  as  the 
most  ancient  records  of  our  gk)be,  imprinted  widi  the  natural  history 
of  its  earliest  inhabitants. 

Transition  rocks  are  the  principal  repositories  of  metallic  ores^ 
which  occur  (both  in  veins  and  beds)  more  abundantly  in  many  of 
the  rocks  of  this  class  than  in  primary  rocks.  Metallic  veins  very 
nurely  occur  in  the  secondary  strata. 

Geologists  have  often  been  perplexed,  in  their  attempts  to  jlraw  a 
well-marked  line  of  distinction  between  primary  and  transition  rocks: 
the  difficulty  has  arisen,  chiefly,  from. their  arranging  slate  with  the 
primaiy  class ;  and  hence  the  disciples  of  Werner  have  been  obli- 
ged to  introduce  the  theoretical  terms  of  newer  and  older  primary 
slate,  and  newer  and  older  transition  slate,  &c.  If  the  occurrence 
of  organic  remains  in  rocks  be  the  characteristib  distinction  between 
the  primary  and  .transition  class,  slate  must  certainly  be  classed  with 
the  iatler ;  for  it  is  among  die  slate  rocks  that  the  fossilized  remains 
of  animals  and  vegetables  first  appear,  in  every  country  that  has  yet 
been  examined.  One  of  the  disciples  of  Werner,  M.  D'Auboisson, 
admits  that  there  is  no  where  any  extensive  formation  of  primary 
slate.  M.  Bonnard,  atiother  disciple  of.  the  ^ame  school,  in  his  jSp^ 
perpi  Giognostique  des  Terrains^  after  enumerating  various  prima* 
ry  slate  rocks,  candidly  acknowledges,  that  it  is  doubtful  whether  pti* 
mary  slate  can  any  where  be  found.  It  is  true,  that  mica-slate  pass- 
es, by  almost  imperceptible  gradations,  into  common  slate ;  but  here, 
as  in  other  instances,  we  only  find  that  Nature  is  not  limited  by  the 
artificial  arrangements  of  the  geologist :  yet,  so  long  as  it  may  be 
proper  to  class  rocks  containing  organic  remains  with  transition  rocks, 
we  must  place  slate  among  them;  Nor  can  this  be  invalidated  by 
the  fact,  that  in  some  slate  rocks  no  vestiges  of  animal  or  vegetable 
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remuDs  occur ;  for,  among  the  secondary  strata,  abounding  in  such 
remains,  we  often  meet  with  alternating  beds,  in  which  they  are  ne7- 
er  found ;  but  we  do  not,  on  that  account,  class  them  with  primary 
rocks.  In  arranging  transition  rocks,  I  most  decidedly,  place  the 
English  mountain  limestones  among  them,  as  I  have  done  in  the 
former  editions  of  this  work.  I  kcow  no  circumstanpe  in  Geology 
that  evinces  more  strongly  the  tenacity  with  which  errors  are  cher- 
ished, when  they  have  been  some  time  entertained,  than  the  deter- 
mination of  English  geologists  to  separate  mountain  limestone  from 
tr&nsiuon  limestone, — in  opposition  to  analogy,  and  to  the  universal 
opnioQ  of  geologists  on  the  Continent.  This  separation,  as  a  mere 
matter  of  classification,  would  be  in  itself  of  little  importance*;  butt 
it  has  tended,  more  than  any  other  circumstance,  to  perplex  both 
foreign  and  English  geologists,  in  their  attempts  to  assimilate  the  rock 
formations  of  England,  with  those  on  the  continent  of  Europe. 

When  a  general  attention  was  first  excited,  in  this  country,  to  the 
study  of  Geology,  access  to  the  Continent  was  extremely  difficulty 
and  we  were  left  to  explore,. as  well  as  we  could,  the  geology  of  our 
own  island^  enlightened  only  by  the  dark-lantern  of  German  Geog- 
nosy.   Many  characters  were  given  of  transition  rocks,  or  floetz  or 
parallel  roclu,  founded  on  local  dbservations  in  Germany,  wbicb  did 
not  apply  to  the  rocks  in  other  counUries :  it  was  found  that  the  char^ 
actors  of  our  metalliferous  limestone  did  not  agree  very  well  with 
either,  and  therefore  English  geologists  have  retained  the  name  of 
mountain  limestone ;  and  the  appellation  of  transition  limestone  was 
restricted  to  a  fewer  bed,  small  in  extent,  and  comparatively  unim- 
portant.   When  I  first  visited,  the  Continent,  and  examined  the  ctb- 
mets  of  some  eminent  geologists,  I  was  particularly  struck  with  find- 
ing die  analogues  of  our  principal  beds  of  mountain  limestone,  ex- 
hibited as  types  of  true  transition  limestone.    On  my  return  to  Paris 
the  following  year,  I  .took  specimens  of, our  mountain  limestone  from 
Derbyshire,  Westmoreland,  Somersetshire,  and  Wales;  and  also  of 
the  fewer  limestones  from  Shropshire  and  Devonshire ;  and  present- 
ed them  to  MM.  Brongniart  and  Brochant.    The*  whole  of  the  spe^ 
cimens  they  recognised  as  transition  limestones,  and  selected  the  en- 
crinal  and  dark  madrepore  mountain  limestones,  as  the  true  types, 
poT  exceUenee,  des  Calcairei  de  TVansUum. 

The  following  Arrangement  of  transition  rocks  comprises  the  low- 
est rocks  in  which  organic  remlains  occur,  and  those  which  are  me- 
talliferous or  are  associated  With  metalliferous  rocks  >— 

trjlNSition  class  (conformable). 

1.  Slate,  including  flinty  slate  and  other  varieties. 

2.  Greywacke  and  greywacke*slate,  passing  into  old  red  sand- 

stone. 

3.  Transition  limestone.     Mountain  limestone. 
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Rocki  covering  Transition  Rocks  (uncoDforfnably). 

4.  Porphyry,  passing  into  trap  or  green-stone. 

5.  Clink-stone,  passing  into  basalt. 

6.  Basalt. 

Strdid  covering  Transition  Rocks  (conformably). 

7.  The. coal  measures.* 

Slate^^o(  which  roof-slate  is  a  well  known  variety-«^is  called  by 
the  Gr^rmans  Thon-scheifer  or  clay-slate  ;  by  ancient  English  geolo- 
gists, argillaceous  scbistus ;  by  the  modern  French,  Phyltade,  The 
term  slate  is  perhaps  the  most' proper  that  can  be  used  to  designate 
this  rock  z  as  the  best  variety  of  it,  Roof-slate,  is  well  known.  Clay- 
slate  is  a  name  given  from  an  erroneous  opinion  respecting  its  con- 
stituent parts ;  and  the  term  is  liable  to  create  much  confusiotn,  as 
the  softer  kind  of  slate  in  the  coal  strata  is  called  slate-clay.  .  I  sfaaB, 
therefore,  throughout  the  present  volume  substitute  the  term  slate 
for  clay-slate,  and  for  slate-clay  the  piore  intelligible  English  term 
shah. 

Slate  rocks  abound  in  most  alpine  districts,  resting  either  on  gran- 
ite, gneiss,  or  mica  slate.  That  slate  which  lies  nearest  the  primary 
rocks  has  a  more  shining  lustre  than  the  other,  and  partakes  more 
of  the  crystalline  quality  of  mica-slate.  As  this  rock  recedes  from 
the  primary,  its  texture  is  generally  more  earthy.  Its  colours  are 
various  shades  of  gray,  inclining  to  blu6, '  green,  purple,  and  red. 
Son)e  kinds  of  slate  split  into  thin  laminae,  which  are  well  known  as 
forming  roof-dates.  Slate  rocks  are  commonly  divided  into  beds  of 
various  degi'ees  of  thickness,  which  generally  are  much  elevated, 
find  from  the  natural  divisions  of  the  sock,  they  often  forn|i  peaked 
and  serrated  mountains. 

Slate  has  been  described  by  former  geologists  as  distinctly  strati- 
fied,, because  it  split?  easily  ipto  thin  laminae,  and  the  direction  of  the 
ktpinae  is  asserted  to  be  in  the  direction  of  the  beds ;  but^  in  oppo- 
sition to  the  authority  of  many  eminent  geologists,  {  maintain  diat 
slate,  unless  it  be  of  a  soft  or  coarse  kind,  approaching  to  shale  or 
greywacke,  invariably,  splits  in  a  transverse  direction  to  that  of  the 
beds,  making  with  that  direction  an  angle  of  about  sixty  degrees; — 
it  has  frequqbtly  two  distinct  cleavages. 

Few  persons,  perhaps,  have  examined  more  slate  rocks,  or  con- 
sulted more  workers  in  slate  quarries  than  I  have ;  and  the  fact  re- 
specting its  cleavage  is  invariably,  what  is  here  stated,  except  in  very 
coarse  greywacke-slate,  and  soft  slate  or  shale. 


•  The  regnlar  coal'straia  or  coal  measures,  where  they  occur  in  England,  sepa- 
rate the  transition  from  the  secondary  rocks.  If  they  are  classed  with  either,  it 
flhoold  be  with  the  former. 
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Slate  rocks  vary  much  b  qaality  in  the  same  moantab ;  those 
vhicb  coDlain  a  great  quantity  of  siliceous  earth  pass  into  flinty  slate. 
Wbeh  magnesia  enters  largely  into  the  composition  of  slate  rocks, 
they  are  distinguished  by  their  green  colour,  and  pass  into  chlorite 
or  taky  slate, — a  rock  before  mentioned  as  occurring  also  in  prima* 
ry  mountains.    Whetstone-slate,  or  hone,  is  a  variety  of  talcy  slate, 
containing-  particles  of  quartz :  when  these  particles  are  extremely 
minute,  and  the  slate  has  a  uniform  consistence  and  requisite  degrees 
of  hardness,  it  forms  hones  of  the  best  quality.    Carfapnaceous  mat- 
ter is  first  discovered  in  slate  rocks,  and  increases  in  quantity  as  they 
approach  the  secondary  strata.    Drawiqg-slate  is  said  to  contain  11 
per  cent,  of  carbon ;  where  the  carbon  is  very  abundant,  the  slate 
has  a  dark  colour,  and  is  generally  soft.    Impressions  of  vegetables 
are  found  in  some  slate  rocks  that  were  formerly  regarded  as  prima- 
ly;  die  slate  locks  in  the  vicinity  of  Mont  Blanc,  end  Mont  Cenis, 
contain  impressions  of  ferns.    Slate  contains  occasionaUy  impressions 
of  foci,  or  sea  weed.  •  « 

That  fine  variety  of  slate  which  is  used  for  roof-slate,  scddom 
forms  entire  mountains,  but  is  geneiyiy  imbedded  in  slate  rocks  of 
a  coarser  kind :  the  bdds  of  roof-slate  are  sometimes  of  considerable 
thickness,  and  generaUy  rise  at  an  elevated  angle.  If  geok>gi8ls  had 
not  been  induced,  by  an  attachment  to  theory,  pertinacious^  to  ad- 
here to  opinions  once  received,,  they  could  not  nave  failed  to  recoc- 
nise  the  effect  of  crystallization  in  the  cleavage  of  slate,  as  evident 
as  in  the  lambar  divisions  of  felspar. 

Those  varieties  of  roof-slate  are  preferred  for  the  covering  of 
buildii»,  that,  are  the  lelist  absorbent  of  water,  and  have  the  smooth- 
est surrace,  and  split  bio  the  thipnest  plates;  they  We,  however, 
frequently  made  too  thin  to  be  durable,  and  too  light  to  resist  the 
force  of  the  wind,  during  storms. 

Quarries  of  slate  are  worked  extensively  in  Westmoreland,  Yo^k- 
diire,  Leicestershire,  North  Wales^  Cornwall,  and  Devonshire.  The 
foreign  localities  of  slate  are  so  numerous,  that  it  would  be  superflu- 
ous to  name  them.  • 

Mountains  of  slate  are  seldom  so  precipitous  as  those  of  granite, 
bat  have  often  a  sharp  serrated  outline.  They  are  covered  with 
verdure  on  their  declivities,  as  they  contain  less  silex,  and  a  more 
equal  admixture  of  the  earths  ftvourable  to  vegetation. 

Flinty  slate,  as  before  observed,  differs  from  common  slate  by 
containing  a  greater  quantity  of  siKceous  earth ;.  and,  as  its  name 
implies,  it  partakes  of  the  nature  of  flint.  Slate  and  flbty  slate  not 
on^  pass  into  each  other,  but  frequently  alternate.  When  the  latter 
ceases  to  have  the  slaty  structure,  it  becomes  homstone,  or  what  the 
French  denominate  petrosilex.  If  it  contains  crystak  of  felspar,  it 
becomes  hornstone  porphyry :  all  these  varieties  may  be  observed 
alternating  with  each  otner  in  the  same  rocks  in  Chamwood  Forests 
and  b  North  Wales  and  in  Cumberland. 
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Slate  is  regarded  m  one  of  the  inost  metalliferous  rocks :  nearlj 
all  the  principal  metallic  ores  have  been  found  in  slate,  either  in  veins 
or  beds ;  but  it  is  remarkable  that  flintj  slate  seldom  contains  any 
repositories  of  metallic  matter.  Lead  and  copper  are  the  principal 
metals  found  in  the  slate  rocks  of  England  and  Wales :  they  are  not 
so  rich  in  lead  as  the  mountain  limestone,  but  the  lead  ore  in  slate 
rocks  cbntains  a  larger  portion  of  silver.  The  killas  of  Cornwall,  so 
remarkably  metalliferous,  is  a  variety  of  slate* 

Cheywaeke  and  Oreyteaek^SlcUe ;  German  Gfrmnmicilp^.— This 
dissonant  term,  which  we' have  borrowed  from  the  German,  die 
French  geologists  have  exchanged  for  a  name  not  more  harmonious, 
though  more  expressive,  Traumatej  from  the  Greek  ThrausmCy  a 
fragment* 

Greywacke,  in  its  most  common  form,  may  be  described  .as  a 
coarse  slate  containing  particles  or  fragments  of  other  rocks  or  min* 
erals,  varying  in  size  from  two  or  more  inches  to  the  smallest  grain 
that  can  be  perceived  by  the  eye.  When  the  imbedded  particles 
become  extremely  minute,  greywacke  passes  into  common  clay-slate. 
When  the  particles  and  fragments  are  numerous,  and  the  slate  in 
which  they  are  cemented  can  scarcely  be,  perceived,  greywacke  be- 
comes coarse  sandstone  or  gritstone.  When  the  fragments  are  larger 
and  angular,  greywacke  might  be  described  as  a  breccia  with  a  paste 
of  date.  When  the  fragments  are  rounded,  it  mi^t  not  improperly 
be  called  an  ancient  congbmerate:  When  rocks  of  greywacke  have 
a  slaty  structure,  they  form  greywacke-slate. 

Greywacke  has  by  some  of  the  French  geologists  been  described 
as  a  transitkm  sandstone,  with  a  cement  ei&er  of  siliceous  earth,  or 
of  alate.  This  de6niticm  agrees  with  the  grhslones  associated  with 
the  upper  transition  or  mountain  limestone.  Where  the  paste  is  hsrd 
and  siliceous,  as  I  have  observed  in  the  greywacke  of  Savoy,  that 
sepiurates  the  primary  from  the  secondary  rocks,  many,  of  the  sili- 
ceous pardcles  may  have  been  original  concretions  formed  at  the 
same  time  as  the  paste ;  and  where  these  concretions  are  all  com- 
posed of  quartz,  we  may  infer  that  such  has  been  their  mode  of  for^ 
mation*  in  other  instances,  the  fragments  are  evidently  the  debris 
of  more  ancient  rocks,  thiit  have 'been  broken  down  by  some  great 
catastrophe,  and  mixed  with  more  recent  beds  at  the  period  when 
they  were  forming.  This  mode  of  formation  implies,  that  a  consid- 
erable period  elapsed  between  the  formation  of  the  primary  and  se- 
condary rocks.  The  fragments  are  always  those  of  lower  rocks, 
and  never  of  the  upper  strata*  In  some  situations,  immense  beds 
of  loose  conglomerate,  composed  of  largis  fragments  and  boulders 
of  the  lower  rocks^  separate  the  slate  rocks  from  the  calcareous  for- 
mations :  such  conglomerates  ma v  be  regarded  as  occupying  the  geo- 
Ic^al  {dace  of  greywacke,  and  belonging  to  the  greywacke  for- 
matbn. 
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The  old  red  stndstone,  about  which  so  much  has  been  written  and 
80  little  understood,  is  a  greywacke,  colored  red  by  the  accidenttl 
admixture  of  oxide  of  iron.  In  Monmouthshire,  the  relations  of 
red  sandstone  with  greywacke,  and  the  passage  of  one  rock  into  the 
other,  may  be  distinctly  obseryed ;  the  connection  also  with  the 
lower  gritstone,  under  the  mountain  Itmeslone,  may  be  plainly  traced. 
Here,  then,  we  have  the  mountain  limestone  with  its  alternating  beds 
of  grit,  the  red  sandstone  and  the  greywacke,  evidently  members  of 
the  same  formation ;  and  to  make  the  connection  more  complete, 
the  red  sandstone  contains  beds  of  limestone,  which  form  the  link 
between  the  lower  transition  and  the  upper  transition  limestones; 
This  limestone  is  imperfect,  being- intermixed  with  siliceous  parti« 
cles ;  it  is  of  a  greenish  color,  and  hence  called  Gooseberry  lime* 
stone*  The  red  sandstone  also  posses  into  claysttme,  which  is  as 
well  characterised  as  that  of  the  rentland  Hills.* 

The  old  red  sandstone  possesses  all  the  mineral  characters  of 
greywacke,  except  the  color,  which  is  a  quality  that  can  never  be 
con^dered  of  imfKirtance,  being  chiefly  derived  from  local  or  acci* 
dental  causes.  The  old  red  sandstone  also  occupies  the  geological 
position  of  greywacke,  and  grcrTwacke-slaie,  into  which  it  passes 
merely  by  a  change  of  color.  The  principal  'reason  why  it  has  nd 
been  generally  recognised  as  belonging  to  the  greywacke  formation  is, 
that  it  has  been  frequently  confounded  with  the  red  sandstone  above 
the  coal  formation :  pome  of  the  beds  greatly  resemble  each  other ; 
smd  it  is  not  yet  clearly  ascertained,  whether  tbe  red  ^sandstone  b 
some  parts  of  England  and  Scotland  be  the  old  red  sandstone  or  the 
new.  Until  English  geologists  shall  renounce  their  prejudices,  and 
place  -the  old  red  sanostone  and  mountain  limestone  in  the  Transi* 
tioii  Class,  as  greywacke,  and  transition  limestone,  eveiy  attempt 
will  be  vain -to  identify  this  part  of  the  geofogy  of  England  with  that 
of  the  Continent :  particularly  as  the  Alpine  limestone  of  foreign 
geobgists,  is  a  very  difierent  formation  from  the  transition  limestone, 
comprising  the  several  formations  of  limestone  above  the  coal  stra[ta, 
and  new  red  sandstone,  or  what  the  French  calt  Gfret  higartL 

Traniiiion  lAmeitane. — ^This  is  one  of  the  most  important  of  the 
transitioo  rocks :  its  mineral  characters  vary  considerably,  accord* 
kig  to  the  nature  of  the  rocks  with  which  it  is  associated ;  it  has  gen* 
erally  a  subcrystalline  texture,  and  is  more  or  less  translucent  on  the 
edges:  From  the  degree  of  hardness  which  it  possesses,  it  will  take 
a  good  polish :  most  of  the  colored  marbles  are  transition  limestone* 
Tbe  prevailing  -color  is  bluish  grey,  blit  it  is  sometimes  red,  brown, 
or  black :  tbe  bwer  beds  of  this  limestone  are  often  beautifully  va* 


*  From  the  quantity  of  oxide  of  iron  und  of.  red  marie  in  some  beds  of  the  old 
red  saadstoDe,  and  from  its  passage  into  daystone,  I  am  inclined  to  believe  that 
the  red  sandstone  of  Monmonthshire  has  been  partly  formed  by  tKe  decomposition 
of  an  ancient  hasaitic  formation,  which  has  become  intermixed  with  greywacke. 
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Hegated,  veinedy  and  spotted.    It  may  be  stated  generally,  that  tran 
aitioD  limestones  are  seldom  so  perfectly  crystalline  as  primary  liipe* 
atonesi  and  they  have  rarely  the  compact  and  earthy  texture  of  se- 
condary limestones. 

Transition  limestone  occurs  in  beds  ahemating  with  slate,  grey- 
wacke,  grey wacke-alate,  and  toarSe  gritstone.  Some  of  these  beds 
are  of  considerable  thickness,  and  form  mountain  masses.  The 
lowest  beds  alternate  with  slate ;  they  contain  few  organic  remains. 
The  variegated  limestone  of  Devonshire  is  of  this  kind.  Sometimes 
numerous  thin  strata  of  slate  and  transition  limestone  altematey  and 
are -much  bent  and  contorted.  A  very  remarkable  instance  of  this 
occurs  at  Drewsteignton,  near  Moreton,  in  Devonshiire,  where  a  se- 
ries of  ihin  strata'  oi  dark  limestone  alternate  with  strata  of  indurated 
slate,  and  are  bent  and  ,  folded  in  varions  directions.  Were  we  to 
take  a  number  of  alternating  sheets  of  black  and  brown  paper,  and 
fold  them  nearly  round  a  wine  decanter,  and  then  bend  them  back 
over  the  lower  folds,  we  should  have  a.  not  unapt  representation  of 
the  singular  contortions  of  the  strata  in  this  place,  where  they  are  ex- 
posed to  view  bv  extensive  quarries  cut  in  the  rock. 

The  remarkable  contortions  of  the  beds  of  transition  limestone  and 
slate,. imply  the  operation  of  a  cause  that  could  not  only  bend  but 
soften  the  strata;  and  were  we  to  admit  th^t  granite  has  once  been 

£a  state  of  fusion,  and  been  protruded  through  the  outer  cnist  of 
e  globe,  the  immediate  contiguity  of'  these  bended  strata  to-  the 
granite  of  Dartmoori  might  indicate  the  agent  1by  which  the  efiects 
were  produced.  Near  Dudley,  in  Staffordshire,  We  have  another 
remarkable  instance  of  the  bending  of  beds  of  transition  limestone ; 
but  this  is  in  the  vicinity  of  basaltic  rocks,  which  are  now  admitted 
to  be  of  igneous  origin. 

The  limestone  at  Wren's  Nest,  near  Dudley,  consists  of  two  beds 
•—one  ten,  and  the  other  fourteen  yards  thick,  resting  upon  beds  of 
soft  and  imperfect  limestone  and  shale,  called  wUd  mecuures.  The 
two  beds  OI  limestqne  are  separated  by  similar  strata  of  wild  meae- 
ures,  thirty-eight  yards  in  thickness ;  thev  are  raised  up  together  in  a 
position  approaching  to  vertical,  are  folded  round  the  hill,  and  en- 
close a  space  of  about  fifty  acres,  with  la  double  wall  of  limestone 
rising  above  the  country,  ]ike  an  oval  tower  widening  at  the  lower 
part. 

If  two  sheets  of  pasteboard  were  separated  by  a  quire  of  blue  pa* 
per  and  laid  flat,  and  a  blunt  metallic  rod  were  thrust  through  the 
whole  from  beneath,  it  would  force  the  lower  sheet  of  past^>oard 
through  the  upper  sheets,  and  represent  the  present  position  of  the 
strata  at  Wren's  Nest  Hill.  At  Dudley  Castle  Hill,  about  a  mile  dis- 
tant, the  beds  of  limestone  are  bent,  and  dip  oh  each  side  of  the 
hill.    (Se^  a  sectiop  of  this  hill,  Plate  III.  fig.  4.) 

A,  Wren's  Nest  Hill ;  a  a,  6  &,  the  two  beds  of  limestone  enfold 
the  bill,  as  represented  in  the  small  compartment  e,  above  the  sec- 
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tion.  Hid  dotted  line  and  open  spaces  show  where  the  limestone 
has  been  quarried  away:  1,  2,  are  deep  galleries  over  each  otber^ 
tlong  which  the  liipesione  is  also  quarried ;  the  lower  is  near  the 
level  of  a  canal  which  penetrates  the  hill  to  convey  the  linaestone 
away :  e,  represents  the  outcrop  of  the  thirty  feet  bed  of  Stadbrd* 
shire  coal,  which  comes  to  the  surface  near  Wrea'9  Nest  Hill;  b^ 
represents  the  arrangement  of  the  limestone  strata  at  Dudley  Castle 
Hill,  amilar  to  that  at  Wren's  Nest  Hill ;  and  d,  a  hiD  capped  with 
rudely  columnar  basalt  in  the  vicinity.  In  this  section  the  propordott 
o(  ^stance  has  been  disregarded,  in  order  to  comprise  the  different 
obiects  in  one  view:  the  distance  between  Dudley  Casde  Hill  and 
Wren's  Nest  Hill,  is  about  two  miles*  The  strata  at  Dudley  Castio 
are  what  is  called  saddle  shaped,  declining  on  each  side  of  the  hill. 

The  transiuon  limestone  of  Dudley  is  not  covered  by  any  beds  of 
the  upper-transition  or  ihountain  limestone,  but  by  strata  about  sev- 
enty-six yards  in  total  thickness,  composed  of  imperfect  limestone 
and  sandstone,  which  separate  it  from  the  lowest  coal  measures.  It 
is  therefore  .to  be  particularly  noticed,  that  the  coal  straut,  which  in 
most  of  the  coal  districts  in  England  rest  upon  the  upper  transidon 
or  mountain  limestone,  in  this  part  of  Staffi>rdshire,  rest  upon  the 
lower  transition  limestone.  The  remarkable  fossil,  the  trilobite,  call^ 
ed  the  Dudley  fossil,  occurs  principally  if  not  entirely,  in  a  stratum 
under  the  first  limestone.  There  are  shells  in  what  are  called  the 
wild  measures,  but  they  are  in  a  soft  and  decomposing  state. 

The  lower  transition  limestone  in  England  and  Wales,  is  not  a 
very  extensive  formatbn :  it  skirts  the  granite  of  Dartmoor,  and 
part  of  the  Malvern  Hills ;  it  extends  in  a  narrow  belt  frdm  Wen^ 
K)ck,  m  ShropsUre,  to  Caermarthen,  in  Wales,  and  is  generally  00- 
companied  with  soft  greenish  schistose  strata,  called  dye  earth,  which 
contain  numerous  impressions  of  shells.  A  few  patches  of  this  lime^ 
rtone  occur  in  various  parts  of  the  slate  districts  in  Wales,  and  Cum- 
berland. This  part  of  the  transition  limestone  series  is  remarkable 
chiefly  for  its  organic  remains ;  it  is  rarely  metalliferous. 

The  upper  transition  or  mountain  limestone  is,  as  I  have  before 
suited,  the  limestone  to  which  the  French  geologists  gave,  par  exed^ 
laiee^  the  name  of  Cakaire  de  tramition.  It  is  by  many  English 
geak^sts  considered  as  a  distinct  formation  from  the  lower,  or  what 
they  can  the  true  transition  limestone ;  and  it  is  said  to  be  ^<  separated 
from  h  by  4he  important  formation  of  the  old  red  sandstxxie :"  but 
the  latter  is  only  a  varie^  of  greywacke,  and  is  acknowledged,  even 
by  those  who  make  it  a  distinct  formation,  lo  graduate  into  grey- 
wacke, and  to  possess  all  the  general  characters  of  that  rock,  except 
that  it  is  colored  red.  The  old  red  sandstone  contains,  in  some  sit- 
uations, beds  of  imperfect  limestone,  which  may  be  said  to  connect 
the  lower  transition  and»  mountain  limestones  b  one  formation,  to- 
gether vrith  the  associated  beds  of  greywacke,  red  sandstone^  and 

gritstone. 
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JAountain  limestone  is  doe  of  the  most  important  calcareous  rocks 
b  England  and  Wales,  both  from  its  extent,  the  thickness  and  num« 
ber  of  its  beds,  the  quantity  and  variety  of  its  organic  remains,  and 
its  richness  in  metallic  ores,  particularly  of  lead.  In  Derbyshire, 
where  the  different  beds  of  limestone  have  been  pierced  through  by 
the  mmers,  the  average  thickness  of  the  three  uppermost  is  about 
160  3rards ;  the  bed^are  separated  by  beds  of  trap  or  basalt,  resem- 
blmg  ancient  lavas.  The  lowest  limestone  has  not  been  pierced 
through.  ^  In  the  northern  part  of  Yorkshire,  and  in  Westmoreland 
and  Cumberland,  the  beds  of  mountain  limestone  alternate  with  beds 
of  greywacke-slate,  and  of  coarse  sandstone.  In  North  Wales,  and 
in  Somersetshirie,  mountain  limestone  forms  entire  mountain  masses, 
of  vast  thickness,  dbtinctly  stratified  ;  the  strata  often  varying  in  col*; 
our,  and  sometimes  in  ihe  nature'of  their  organic  remains. 

The  beds  of  mountain  limestone  in  England  and  Wales  vary  much 
in  colour  and  quality.  The  colour  is  most  commonly  light  grey,  but 
it  is  sometimes  black  and  sometimes  a  reddish  brown,  or  is  varie- 
gated. The  limestone  is  generally  sufficiently  bard  to  receive  a  high 
polish,  and  forms  what  is  denominated  marble,  of  considerable  beau- 
ty. The  texture  is  more  or  less  crystalline.— The  prevailing  char- 
acteristic organic  fossils  are  encrjnites  and  madrepores*  The  upper 
beds  of  mountain  limestone  in  Derbyshire  appear  to  be  composed  ttl- 
moBt  entirely  of  encrinites.    A  bed  of  black  limestone  with  madre- 

£>res  occurs  in  Westmoreland ;  Jt  is  more  rare  in  Derbyshire,  but  is 
und  in  the  lower  part  of  the  mountain  limestone  in  North  Wales, 
and  Shropshire,  and  also  in  Devonshire.  It  takes  a  beautiful  polish, 
and  is  much  used  for  chimney-pieces.  The  black  colour  appears  to 
be  derived  from  bitumen,  for  it  is  injured  by  beat,  and  is  entirely  ex* 
peOed  by  burning.  Mountain  limestone  is  generally  a  nearly  pure 
carbonate  of  lime ;  but  some  beds,  and  even  entire  hUls  of  tbisbme- 
stone,  contain  a  large  portion  of  magnesia^  like  the  dolomite  of  the 
Alps.  The  mountain  magnesian  limestone  of  England  is  generally 
harder  than  the  common  Hmestone,  and  has  frequently  a  reddish  broWn 
colour.  Bredon  Hill,  in  Leicestershire,. and  Cloud's  Hill,  in  its  vi- 
cinity, are  composed  entirely  of  magnesian  limestone ;  there  are 
several  beds  of  similar  limestone  which  form  low  hills  in  the  adjacent 
country :  they  may  all  be  regarded  as  an  extension  of  the  Derbj- 
shire  mountain  limestone,  ranging  southward  towards  Cfaamwood 
Forest^and  terminating  at  Grace  Dieu,  where  the  limestone  istaearly 
in  contact  with  the  granitic  and  porphyntic  rocks.  I  say  these  may 
be  regarded  as  an  extension  of  the  Derbyshire  mountain  limestone, 
tboogh  the  continuity  is  partly  concealed ,  by  a  covering  of  the  red 
iiMurle,  and  by  coal  measures :  the  limestone  contains  the  same  cha^ 
icteristic  foKils  as  the  Derbyshire  limestone,  particularly  encrinites 
(screw  stones),  and  the  euompbalus ;  but  th^se  are  not  abundant. 
The  atrata  of  BredOn  Hill  and  Cknid's  Hill  are  mueh  exposed,  bav- 
bg  been  extensively  quarried  for  lime  during  a  long  period  f  they 
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lise  somberly  from  4S°  to  60°.  When  I  nnted  time  hilh  is  1811, 
I  was  forcibly  struck  with  the  appearance  and  elevatum  of  the  strata, 
and  I  was  disposed  to  attribute  their  portion  to  the  disturbing  force 
which  bad  elevated  the  granitic  range  of  Charnwood ;  but  sucb  opin- 
itms  were  at  tbat  time  much  discouraged  by  Englisli  geologists.  I 
listed  these  quarries  again  in  1830,  after  baring  repeatedly  ohserred 
similar  e^cts  produced  in  ibe  proximity  of  granite,  and  I  was  ccn- 
firmed  in  my  loraier  news. 

The  theory  of  Voo  Buch  respecting  tbe.  conrernon  of  comnoa 
limestooe  ioto  magnesian  limestone  by  the  proximity  to  porphyry 
(see  Chap.  XI.),  may  be  considered  as  deriving  some  support  from 
ibe  near  approach  of  this  magnedsn  limestone  to  the  porphyry  and 
porphyritiG  sieniie  of  Charnwood.  I  shall  refer  to  the  subject  else- 
where.  The  reason,  for  entering  more  into  detail,  respecting  the 
tnagnesian  limestone  of  Bredon^nd  Cloud's  Hill  than  may  appear 
consistent  with  an  introductory  work,  i3,  that  the  strata  of  ^e  letter 
bill  present  an. anomalous  appearance,  which  I  bare  not  obserred 
elsewhere,  and  which  is  connected  with  tfae  enquiiy  respecting  tbe 
character  of  stratified  rocks.  At  Cloud's  Hill,  the  face  of  tbe  rock 
whicfa  is  worked,  rises  to  the  height  of  about  300  feet.  Tbe  strad- 
ficBtion  is  most  distinctly  marked  by  regular  strata  seams,  or  partings, 
which  show  tbe  elerstion  of  the  strata  to  be  about  60°.  In  me 
midst  of  these  strata  there  are  masses  in  which  all  tmees  of  stntifi- 
csbcm  are  obliterated  ;  these  masses  are  not  separated  by  any  part- 
ings or  divisions  whatever  from  the  strata  which  surround  them ;  tba 
masses  aod  strata  are  precisely  of  the  same  quality,  and  similar  in 
BppearaDce.  The  masses  are  more  difficult  to  work  because  Uter 
have  no  regular  partings ;  these  masses  are,  on  this  account,  oalledi 
by  tbe  qnarrymen,  knohs.     Th&imnexed  cut  represents  one  of  these 


a  a,  strata  of  limeslone ;  b,  an  nnltriktified  knob. 
Instances  of  unstratified  beds  and  masses  of  one  kind  of  rock,  in- 
terposed between  regular  strata  of  another  kind,  are  not  uncommon.; 
and  m  the  naidst  of  primary  rocks,  divided  by  regular  cleavages,  parts 
may  be  frequently  seen,  in  which  the  cleavages  or  divisions  are  ob- 
literated ;  but,  in  both  these  cases,  the  solution  of  the  cause  of  this 
i^literation  may  be  found  in  igneous  fusion,  combined  widi  refrigera- 
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tioD.  If  tbe  uQstratified  tnasses  at  Cloud's  HOI  owe  their  form  to  the 
action  of  heat,  it  is  difficalt,  if  not  impossible,  to  cooceive  how  this 
beat  could  have  changed  internal  portions  of  the  limestone,  without 
affecting  the  surrounding  strata.  In  Devonshire,  and  elsewhere,  hilb 
of  mountain  limestone  may  be  seen  in  which  the  stratification  of  the 
entire  mass  is  obliterated  or  nearly  so ;  but  there  can  be  no  difficulty 
in  this  case, — indeed,  it  may  be  said  that  we  do  not  know  that  the 
limestone  was  evei:  stratified,  though  the  probabilities  are  greatly  in 
favour  of  its  having  been  so. 

Remarkable  sudden  changes  may  be  sometimes  observed  in  the 
quality  of  the  same  beds  of  mountain  limestone.    At  Llanymynah, 
ID  Shropshire,  (a  hill  composed  of  this  limestone,)  the  quality  of  the 
limestone,  on  one  side  of  the  hill,  is  considered  by  the  lime-burners 
of  the  very  best  kind ;  while,  at  a  little  distance,  the  same  strata  are 
80  impure,  from  an  intermixture  with  sand  and  cl&y,  that  they  cannot 
be  used  with  advantage :  but  what  is  more  remarkable,  I  have  seen, 
in  this  hill,  a  stratum  of  the  best  limestone,  l3ring  regularly  between 
other  strata,  suddenly  terminate,  and  a  whitish  calcareous  marie  oc- 
cupy its  place,  preserving  the  same  degree  of  thickness,  and  the 
same  direction^     As  these  strata'  contain  marine  organic  remains, 
and  were  deposited  at  the  bottom  of  the  ocean,  we  may  suppose  that 
a  submarine  current  had  prevented  the  limestone  from  extending 
further,  and  supplied  its  place  by  a  deposition  of  clay,  before  tbe  stra* 
tum  above  was  deposited.     In  the  former  case,  where  the  strata  of 
good  limestone  become,  in  some  parts,  calcareous  aad  impure,  we 
may  suppose  that  subniarine  currents)  carrying  aWay  particles  of  sand, 
bad  intermixed  them  with  the  calcareous  depositions  in  one  part,  but 
not  in  another.     Indeed,  this  sudden  change  in  the  quality  of  the 
limestone  is  so  x^ommon  in  that  part  of  Wales,  that  the  workmen 
have  given  to  it  the  expressive  name  of  Bclkstone.     When  I  was 
first  mformed  of  the  balkstone,  and  saw  that  it  impeded  the  opera- 
tions of  the  quarrymen,  I  expected  to  have  found  a  dyke  of  ptsalu 
and  was  surprised  to  observe  a  mass  of  stratified  limestone,  of  an 
impure  quality,  cutting  through  the  best  limestone  like  a  thick  wall 
and  left  standing,  the  good  limestone  being  worked  away  on  each  side 
of  it.    This  wall  of  limestone  is  of  a  darker  colour  than  the  rest;  it 
contained  the  remains  of  the  encrinites.    It  is  owing,  I  conceive,  to 
the  irregularities  in  the  deposition  of  the  strata,  from  causes  attend- 
ing their  original  formation,  that  soft  arid  irregular  beds  or  masses  of 
clay  occur  in  mountain  limestone,  which  have  subsequently  been 
washed  out  by  subterranean  currents  of  water,  and  formed  exeava- 
tions  and  qavernsof  considerable  magnitude.     Many  instancies  might 
be  cited  of  large  streams,  and  even  livers,  engulfed  in  mountain 
limestone,  and  rising  again  at  the  distance  of  several  miles.    In  the 
northern  counties  these  openings  are  called  Swallow  Holes.    Mr- 
Farey  has  enumerated  twenty-eight  swallow  holes  in  the  mountain 
limestone  of  Derbyshire. 
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It  is  in  the  lower  beds  of  mocmtaiD  fimestone  that  enornxnis  natu- 
ral caverns  frequently  ocbur :  such  are  the  weU*knowD  cavdm  near 
CastletOQ,  and  Pool's-hole,  Dear  Buxton  in  Derbyshire ;  and  Yordas 
Cave,  under  Whemside,  in  Craven.    Gordal  Scar  and  Weathercote 
Cave,  in  the  same  district,' cannot  properly  be  called  caverns,  as  they 
are  open  to  the  day ;  but  the  latter  was  probably  once  a  cavern,  of 
which  the  roof  has  fallen  in.    In  all  these  caverns,  and  others  that 
I  have  observed  in  this  limestone,  there  is  a  stream  of  running  water, 
which  is  more  or  less  copious  in  rainy  or  dry  seasons.    I  am  inclined 
to  believe  that  the  caverns  have  been  formed  by  the  agency  of  water, 
percolatiDg  through  natural  fissures,  and  in  the  lapse  of  ages  ezca* 
vating  the  softer  or  more  broken  parts  of  the  rock.    The  prodigious 
force  with  which  these  subterranean  streams  rush  through  the  open- 
logs  of  some  of  these  caverns,  after  continued  rains,  suggests  the 
probability  of  this  mode  of  formation.    The  whole  of  that  enormoup 
mass  of  limestone  in  Craven,  from  Ingleborough  ao.d  Whemside  to 
Gordal,  is  intersected  by  perpendicular  fissures^  which  are  narrow  at 
die  top,  and  become  wider  as  they  descend,  tbrougl^  which  the  water 
may  be  heard  to  run  at  a  vast  depth  below.    These  unseen  but  ever- 
active  streams  are  slowly  but  progressively  wearing  down  the  internal 
parts  of  these  calcareous  mountains,  and  depositing  them  in  the  sea. 
'    The  mountain  limestone  of  Derbyshire  demands  particular  atten* 
tioQ  from  the  interesting  geological  phenomena  which  it  presents; 
though  it  has  been  much  visited  and  frequently  described,  I  believe 
the  accoimts  hitherto  given  have  been  m  some  respects  erroneous* 
I  revisited  the  country  round  Matlock  soon  after  my  return  from  the 
Continent,  and  w^s  then  convinced  that  the  structure  of  the  calcareous 
mountains  bad  been  mistaken,  but  the  state  of  my  health  did  not  per* 
mit  me  to  pursue  the  enquiry.     Since  the  publication  of  the  third 
edition  of  this  work,  I  have  examined  this  part  of  the  country  care* 
fully,  and  shall  briefly  state  the  result  oi  my  observations.    Mr. 
Whitehinst  has  the  merit  of  being  the  first  observer  who  discovered 
some  of  the  leading  features  of  the  geology  of  this  district :  he  bold- 
ly pronounced  that  the  beds  of  trap  and  amygdaloid,  provinciaUy 
called  Taadstaney  which  are  interposed  in  the  Uraestone,  were  vol- 
canic lava,  or  at  least  had  an  igneous  origb.    This  opinion  was  much 
opposed  at  the  time ;  it  is  now  confirmed  by  such  a  weight  of  evidence, 
as  to  leave  little  doubt  respecting  its  correcmess,  (See  Chap.  IX.) 
though  the  facts  and  arguments  by  which  Mr.  Whiteburst's  views 
were  then  supported  were  in  some  respects  fallacious. 

Mr.  Farey,  who  followed  Mr.  Whitehurst,  adopted  the  same  views 
of  the  general  structure  of  the  counuy,  though  his  opinions  respeo 
ting  the  formation  of  the  toadstone  were  entirely  different ;  he  con- 
sidered it  to  be  an  aqueous  deposition,  forming  regular  strata,  like 
those  of  sandstone  in  the  coal  measures. 

Mr.  Whitehurst  and  Mr.  Farey  describe  three  beds  of  toadstone, 
and  four  of  limestone,  in  a  descending  series. 
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• 

]  •  The  first  limestone  150  feet,  with  much  white  chert. 
.  2*  The  first  toadstone  48  feet,  vesicular  and  amygdaloidal. 

3.  The  second  limestone  150  feet,  contains  beds  of  magnesian 

limestone. 

4.  The  second  toadstone  128  feet,  more  compact  than  the  first 

loadstone. 

5.  The  third  limestone  180  feet,  contains  black  madrepore  beds« 

6.  The  third  toadstone  66  feet,  uncertain. 

7.  The  fourth  limestone  not  pierced  through,  uncertain. 

This  maybe  an  approximation  to  the  thickness  of  the  five  upper 
beds  near  Matlock.  Bath,  but  is  by  no  means  an  accurate  statement  of 
the  succession  and  thickness  of  the  beds  in  other  parts  of  the  coud* 
ty.  It  may  be  proper  to  remark  also,  that!the  limestone  is  distincdy 
stratified,  and  the  strata  of  limestone  are  often  divided  by  strata  of 
clay,  provincially  called  way^oardsj  and  also  by  strata  or  rather 
seams  of  siliceous  stone  called  chert,  resembling  flint,  but  less  splin- 
tery in  the  fracture,,  and  fusible;  which  latter  property  is  doubtless 
owing  to  an  admixture  of  calcareous  earth.  These  strata  of  chert 
occur  most  frequently  in  the  upper  limestones ;  they  contain,  like  the 
limestones,  remains  of  shells  and  encrinites.  As  loose  blocks  of 
chert  with  encrinites  ace  sometimes  ploughed  up  in  the  fields,  Mr. 
Farey  supposed  that  these  blocks  have  been  converted  from  lime- 
stone into  chert  by  some  unknown  process,— -an  Qi)Hnion  for  which 
there  is  not  the  slightest  foundauon.  The  chert  blocks  are  die  re* 
mains  of  hard  strata,  which  have  related  decomposition  or  destruc- 
tion, in  the  same  manner  as  nodules  of.  flint  in  the  upper  chalk. 
Lai^e  bivalve  shells  (Productus)  are  found  both  in  the  limestone  and 
chert.  The  thick  beds  of  toadstone  that  divide  the  upper  fixmi  the 
lower  limestones,  were  supposed  by  Mr.  Whitehurst  to  have  been 
protruded  between  them  in  a  state  of  fusion:  this  opinion  will  be 
examined  subsequently.'  Admitting  its  truth,  it  would  sufficiently 
account  for  the  great  irregularity  in  the  thickness  aihd  succession  of 
these  beds,  which  is  known  to  prevail  throughout  the  Peak  of  De^ 
byshire.  All  the  miners  that  I  have  examined  on  the  subject,  agree 
that  the  warm  springs  which  abound  in  the  vicinity  of  Matlock,  rise 
from  under  the  second  toadstone,  and  that  when  this  bed  is  first  pier- 
ced thtough,  the  water  has  often  a  higher  temperature  thaa  the  Mat- 
lock Bath  water,  but  its  heat  is  reduced  by  admixture  with  cool 
springs  in  the  upper  beds. 

1  have  now  to  observe  that  the  descending  series  of  .limestone  and 
toadstone  to  No.  5.,  or  the  third  limestone,  may  all  be  found  in  the 
vicinity  of  Madock,  and  many  other  parts  of  the  mining  district; 
but  the  beds  of  toadstone  are  of  variable  and  uncertain  thickness. 
With  respect  to  the  third  toadstone,  its  occurrence  as  a  regular  bed 
is  extremely  doubtful.  In  some  situations  there  are  eruptions  of 
loadstone  intervening  in  the  third  limestone,  which  is  of  vast  thick- 
ness, but  these  beds  of  toadstone  are  in  general  extremely  irregular : 
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where  tbey  occuri  ibey  of  course  divide  the  third  Emestone  into  two 
beds.  The  irregularity  of  these  beds  of  toadstone,  and  the  distur* 
bance  of  the  regular  strata  which  they  have  caused,  compelled  Mr. 
Farey  to  call  them.  chAnce  htdij  to  avoid  the  admission  of  their  igne- 
ous origin.  In  the  same  manner  be  explained  the  protrusion  of  the 
granitic  range  of  rocks  in  Chamwood  Forest ;  he  aescribed  them  as 
dbnee  heda  m  ike  red  marie  ;  it  was  surely  an  extraordinary  chance, 
which  produced  rocks  that  extend  under  every  other  rock  formation 
io  the  midland  counties  of  England.  There  are,  however,  circum-* 
stances  attending  the  stratification  of  the  paountain  limestone  of  Der- 
byshire, that  have  not  been  noticed  by  any  of  the  authors  I  ,am  ac- 
quainted with,  who  have  described  this  country.  There  are  evident 
indications  of  an  upheaving  force  acting  on  several  parts,  and  bending 
the  strata  into  arches,  the  segments  of  large  curves  as  represented 
Plate  II.  fig.  1.  and  fig.  6.  These  curves  are  sometimes  complete 
in  the  same  hill,  but  frequently  their  continuity  is  broken.  The  stra- 
ta of  Madock  high  Tor  have  been  described  by  former  writers  as 
plain,  and  when  seen  in  face  of  the  rock  they  appear  to  be  nearly 
so,  but  they  are  in  realinr  curved,  as  shown  riate  I.  fig.  6.  They 
enfold  the  back  part  of  the  hill,  and  are  continued  into  the  op|>o- 
site  bill,  Masson,  which  they  also  enfold.  The  continuity  of  the  stra- 
ta is  broken  by  the  vale  of  the  Derwent,  which  makes  their  true  form 
more  difficult  to  trace :  but  the  arched  stratification  of  the  lower  pan 
of  the  same  beds  is  distinctly  displayed  westward,  and  may  be  seen 
from  the  road  near  Matlock  toll  bar,  where  a  section  is  made  by  th6 
Derwent. 

A  very  remarkable  instance  of  the  arched  stratification,  complete- 
ly formed  in  one  situation,  may  be  seen  four  miles  east  of  Matlock, 
in  the  isolated  mountain  called  Crich  Cliff,  which  rises  about  nine 
hundred  feet  above  the  Derwent.  The  strata  rise  all  round,  and  en- 
fold it,  formingnearly  spherical  segments,  as  represented  in  the  an- 
nexed cut.  This  section,  through  the  hill,  represents  the  arrange- 
ment of  the  beds  of  limestone  which  dip  all  round  the  hill  ccc^  but 
are  somewhat  flattened  at  the  top ;  the  shale  and  gritstone  surround- 
ing the  bwer  part  of  the  hill  are  represented  afr.  The  true  structure 
of  the  hill  has  been  discovered  by  recent  mining  operations;  several 
valuable  metallic  veins  have  been  explored  in  it,  and  a  gallery  has 
been  driven  into  it,  as  represented  in  the  figure/.  It  is  obvious  that 
this  arched  structure  can  be  formed  only  by  protrusion,  whereas  the 
elevation  or  inclination  of  plane  strata  may  have  been  produced  by 
subsidence.  Now,  when  we  consider  their  near  proximity  to  beds 
of  toadstone  of  igneous  formation,  we  can  have  little  difiiculty  in  as- 
signing a  cause  for  this  protrusion  ;  but,  fortunately,  we  are  not  here 
obliged  to  have  recourse  to  conjecture :  in  driving  the  gallery  towards 
the  centre  of  the  hiU,  a  mass  of  toadstone  was  met  with  (e  e,)  which 
was  not  cut  through  when  I  visited  the  place  in  1830*  The  same 
toadstone  was  found  by  sinking  a  shaft  upon  it,  as  represented  in  the 
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cut  lit  $•  Id  this  iostaooe  we-  have  the  effects  of  protrusion,  and  the 
cause,  displayed  in  the  same  hill.  It  is  tri^e,  the  black  compact 
ioadstope'hacliiot  been  reached  in  1830,  but  a  ^reat  mass  of  indura- 
te4  green  earth,  which  always  accompanies  it,  and  is  regarded  by 
the  mbers  as  toadstone,  and  is  called  by  the  aime  name,  had  been 
penetrated  many  yards.  It  was  so  hard  as  to  require  blasting.  On 
one  side  of  this  hill  il  what  is  called  a  pjpe  vein  or  opening  between 
the  strata,  filled  with  metallic  ore*  This  is 'represented  in  the  cut  at 
d;  the  workings  in  this,  vein,  have,  been  continued  nearly  roupd  the 
hill.  Near  the  top  of  the  hill.there  are  quarries  worked,  which  dis- 
play the  strata  rising  towards  the  suminit  on  each  side.  Haying 
shown  that  the  mountain  limestone  of  Derbyshire  assumes,  in  many 
parts,  die  arched  stratificadon,-  it  may  easily  be  conceived  how  per- 
sons, not  aware  of  the  circumstance,  may  liave  fallen  into  great  mis- 
takes in  attempting  to  describe  the  succession  of  beds  along  a  certain 
liiie;  for  the  same^  beds,  if  arched,  may  rise  near  the  surface,  or 
above  it  repeatedly,  in  the  same  country.  '  (See  Plate  L  fig.  2.) 

Other  efiects  of  the  proximity  of  trap  or  toadstone  on  limestone 
will  be  noticed  in  Chap.  IX,  , 

I  cannot  omit,  before  leaving  tb^  mountain  limestone  of  Derby- 
^i^e,  to  cite  an  instance  of  the  influence  which  eribneous  observa- 
tions, combined  with  false  theories,  may  have  in  retarding  the  pro- 
gress of  geology.  Some  yqars.  since,  when  it  was  tlie  prevailing  de- 
sire of  many  English  geologists  to  make  the  different  rocks  agree  w^ 
Werner's  arrangeinent,  and.th^  were  perplexed  how  to  dispose  of 
die  mountain  limestone-^— whether  to  place  it  in  the  transition  class,  or 
what  were  called  the  flcetz  rocks  (or  flat  rocks,)  in  which  9lass  were 
included  the  upper  secondary  strata — ^an  eminent^  chemist  from  the 
North  country,  who  affected  a  profoun(!^  knowledge  of  geology,  went 
into  Derbyshire  to  depid^  the  question,  and  observing  the  strata  op^ 
posite  Matlock  Bath  to  appear  h^nzontal,  he  published  an  oracular 
opinion  that  the  limest6n&of  Derbyshire,  was  floetz ;  and  this  opin- 
ion continued  for  some  tin>e  to  mislead  the  folbwers  ^f  Werner  in 
this  country.  Now,  had  thb  observeir  takeatbe  painsto  obuijn  a  true 
section  of  the  strata,  he  might  have  discpvered,  that  instead  of  being 
flat,  they  were  inclined  at  an  angle  of .  thirty  or  forty  degrees.  (In 
Plate  I.  fig.  6.)  Th6  strata,  seenJn  the  line  of  bearing  do  ap- 
pear horizontal,  whereas  the  section  in  the  line  of  dip  shows.their 
true  elevation.  Nothing,  however^  can  be  more  puerile  than  to  form 
a  clasaficatipn  of  rocks,  on  a  circumstance  so  variable  as  the  position 
of  die  beds*;  and  the  name  fl<Btz  is  now  banisbed  from  geobgy;^ 


*  We  are  not,  however,  free  from  the  effects  of  this  erroueous  classification. 
Some  ElDglish  geoloyistSj  finding  that  the  characters  of  mountaia  limestone  agreed 
with  that  of  transition  Hmestofie,  but  in  awe  of  Ih6  clecision  which  pronounced  it 
to  be  flcctz,  invented  a  new  i^me,  Carbonifenms  HTMsiomf  which  is  singulaxly  >l>^ 
appropriate. 
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The  upper  transition  or  mountain  lihiestone  in  England  b  partieu* 
larly  metailiferoua ;  the  principal  Oires  are  those  of  lead  and  nne; 
they  occur  eommonly  in  veins.  Nearly  all  the  lead  oiiftained  trim 
the  English  nlines  i?  found  in  the  mountain  limestone*  Orea  of  cop* 
per  sometimes  occur  in  this  limestone. 

Many  of  the  fossil  organic  remains,  both  in  the  upper  and  lower 
transition  rocks,  are  of  genera  that  are  not  found  in  the  secondary  fime- 
atones.  Some  of  the  upper  beds  seen)  almost  entirely  composed  of 
encrihites  t  madrepores  and  corajlites  occur  abundantly  in  the  middle 
part  of  this  (brmation.^        ^    . 

^tKniz  Rock — ^Rbcks  composed  eptirely  of  crystalline  grains  of 
quartz,  sometimes  occur  amofiig  primary  and  transition  roouncaiDs. 
Certsthi  causes  appear  tq^ave  operated  locally,  and  separated  the 
quartz  and  feli^par  o^  granitie  into  masses  of  cpQsiderable  si^e.  Tbe 
qUartz  rock  in  the  county  ofWicklow  I  observed  to.  be  formed  of 
what  is  called  gretap  quartZj  similar  to  that  in  numerous  veins  in  the 
mica  slata,  near  it$  junction  with  granite  in  the  adjacent  mouotaiosy 
and  is  probably  cotemppraheous  with  tbe-  veins.  According  to  Dr. 
Mac  CuUoch,  the  quartz  rock  in  many  parts  of  the  Highland^  pre- 
sents evident  indications  of  being  composed  of  fragments  and  round- 
ed pieces  again  united,  and  is  in  fact  a  quartzose  greywacke  or  grit. 
Part  of  the  Lickey  Hill,  hear^Bromsgrove,  is  composed  of  grennlar 
quarts ;  and  similar  beds  occur  near  the,  village  of  Hattshill,  m  War- 
wickshire, between  Atherstone  and  Nuneaton.  .  Quartz  rock,  as  dis- 
tinguished from  quartrose  gritstone,  is  an  incon^derable  formation, 
and  m^y  with  more  propriety  be  referred  to  the  Transition,  tfam  t6 
tbe  Primary  Class. 

Jfl<|7€r.— -This  mineral  is  of  rare  occurrence  as  a  constituent  part 
of  beds,  or  of  mountain  masi^es ;  it  differs  litde  from  a.  siliceous  dinty 
slate,  but  is  generally  coloured  «red,  brown,  or  yellow,  and  is  opaqoe. 
It  contains  a  large  portion  of  the  oside  iof  iron  in  its  composition. 
The  bedi  of  shale  in  (coal  mines  that  have  taken  fire,  arasometiaies 
converted  i)ito  a  substance  in  every  respect  resembling  jasper.  There 
are  beUs  of  jasper  of  considerable  magnitude  in  some  parte  of  the 
Appetmines,  covered  by  rocks  of  serpentine.  In  some  situations,  beds 
of  slaty  jasper  alternate  with  slate,,  to  which  rock  th^  appear  to 
bear  the  same  relation  as  flinty  slate.  Lydian  itone,  which  is  a  black 
siliceous  ffibt  slate,  is  hy  some  geologists  caHed  black  Jasper.  ,  Tbe 
only  bed  of  Jasper  that  I  havie  seen  among  «the  English  rocks^  occurs 
associated  with 'beds  of  manganese  ore,  at  Dodscombleigh  in  Devon- 
shite.  Jasper  sometimes  occurs  in  veins,, and  forms  nodules  in  bteil- 
tic  rocks.  There  can  be  little  doubt  that  jasper  has  been,  in  many 
instances,  formed  by  subterranean  beat,'  acting  with  great  intensity  on 
beds  of  argillfiQpous  shale  containing  ir6n. 

Homfileuie  Rock  and  ChreenHone. — Hornblende  rock  has  been 
described  as  associated  with  primary  rocks,  it  also  occors  in  the  k>w»- 
er^ranation  rocks.    Transition  hornblende  presents  ho  variety  of 
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chancier  by  whieb  it  cap  bie  diMio^uisbed  fiom  Prinmy*  Green- 
stone compoeed  of  tehpur  and  •  bombleode,  in .  which  the  felspar  ia 
wiute,  and  sieoidc  greenstone,  \a  wl^iefa  the  felspar  is  red,  sometimes 
occur  in  beds  among  transition  rocks,  particularly  of  slate.  But 
more  frequently  rocks  of  greenstone,  sometimes  called  Trap,  occur 
m  an  unconformable  portion,  covering  rocks 'both  of  the  transition 
and  secondaiy  class,  and  wilt  be  described  in  the^cbipter  on  Uncoo- 
ibraiable  Rocks ;  after  the  description  of  coal  strata,  called  by  the 
mineis  Cool  measures* 

OBSKXTATIONS  ON   CONVORMABL^   TRANSITIOlf   ROCKS. 

The  order  of  succession  in  conformable  transition  rocks  is  extremely 
vaiiab]e»  and  the  thickness  of  the  sanie  beds  differs  greatly  in  differ- 
ent fttoatioBs.  In  one  district  we  find  a  whole  nniutemipted  series 
of  calcareous  stiatat  forming  entire  -  naouniains ;  and  in  an'  lidjacent 
district,  the  same  series  are  widely  separated  by  intervening  beds  of 
sbte,  greywacke,  or  sandstone ;  and  many  of  .the  strata  which  occur 
in  one  place,  will  oilen  be  wanting  in  another.  We  have  bi^fore  ob- 
serred,  that  calckreolis  transition  strata  are  subject  to  eudden  varia- 
tions of  quality  in  the  same  mountain :  we  cannot  therefore  be  sur*- 
prised,  that  in  distant  districts  a  great  diversity  should  exist,  both  in 
the  number  and  thickness  of  calcareous  strata  of  the  same  femiation ; 
no  single  stratum  can  be  regarded  as  an  universal  formation.  In 
whatever  mannw  the  strata  were  depositedi  the  deposition  has  been 
intermpted  by  causes  .to  us  unknown,  which  have, accumulated  thick 
masses  in  one  situation,  and  prevented  their  formation  iW  other  parta. 
With  respect  to  beds  composed  chiefly  of  the.fragments  of  older 
rocks,  it  is  evident  that  the  contiguity  to  rocks  which  were  most  easily 
disintegrated,  would  prddoce  thicker  beds  of  fragments  in  certain  sit* 
aatioiis  than  in  otherS|  and  that  their  formation  must  be  local. 

The  organic  remains  found  in  transition  rocks,  belong  almost  ex* 
clttrively  to  genera  no  longer  existing,  and  which  do  not  occur  in 
the  upper  aeCO|idary  strata.  Vegetable  remains  are  rare  in  transition 
rocks;  they  occur  sometimes  in  slate  rocks.  The  trilobite  is  pe<iuliar 
(0  transition  roeks:  the  gigantic  species  Occurs  in  slate,  and  the 
smaller  species  in  limestone.  The  orthoceratite  is  chiefly  found  in 
tnniition  limestone. ;  univalve  shells  rarely  occur  in  it. .  The  prevail- 
ing fosiils  in  this  cla'ss  are  madrepores,  corailites,  and  encrinites.  The 
remiins  of  vertebrated  animals  are  rarely,  if  ever,  found  in  ttansitioa 
rocks.  Many  instances  cited  by  foreign  geologists  of  vertebrated^an- 
imab  ibnnd  in  this  class  of  rocks  are  erroneous ;  t^e  rocks  in  which 
thev  oeeor  belong  to  the  secondary  strata ;  and  it  should  be  noticed, 
that  ioaie  Englioh  concfaologists  have  described  fossil  remains  from 
spedmens  collected  ii|  particular  counties,  without  knowing  precisely 
their  true  localities,  or  whether  they  were  found  in  situ  or  in  diluvial 
deposits.  In  the  near  vicinity  of  the  transition  ligaestone  in  Derby- 
shire, I  have  collected  gfjrphites  and  nummulites,  and  even  the  fossils  of 
the  chalk  formation,  but  they  had  no  relation  to  the  ancient  lime- 
Hone;  they  were  found  in  beds  of  gravel.  • 
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Conformable  traotition  rockB  cover  the  primary,  and  sometunes 
alternate  with  th^m ;  they  are  also  assoeiatea  with  the  loweet  beds  of 
the  coal  formation,  so  that  no  well  marked  diiiaion  can  be  traced  be- 
tween them :  but  there  is  one  character,  independent  of  all  artificial 
aiprangementSt  which  senres  to  distingu^h  ^nsition  rocks  from  the 
upper  secondary  sirataf  in  countries  where  the  regular  coal  formation 
is  found.  All  rocks  under  the  coal  formationi  belong  either  to  the 
transition  or  primary  class;  and  all  the  strata  above  the  coal  forma- 
tion  belong  eithtr  to  the  secondary  0]|^  the  tertiary  class.  The  geo- 
logical position  of  (he  regular  coal  formation  thus  serves  as  a  simple 
and  intelligible  key  to  the  geology  of  all  countries,  wherever  it  occurs. 
But  where  the  cpal  strata  are  absent,  the  difficulty  of  determining  the 
class  to  which  certain  rock  formations  belong,  is  often  very  great  Of 
this  we  have  a  striking  instance  tn  the  perplexed  attempts  of  foreign 
geoloflrists'tb  classify  Uie  vast  calcareous  formations  of  the  Jura,  and 
the  outer  range  of  the  Alps ;  iind  the  perplexity  is  further  increased, 
by  th^  mistakes  whidi.are  made  in  referring  to  the  English  mountain 
limestone,  by  confounding  it  with  the  calcaire  alptn^  or  alpine  lime- 
stone. .  The  alpine  Umestone,  according  to  some  geologists,  is  a  trans- 
ition limestone ;  but  according  to  other  geologists  it  is  analogous  to 
the  magnesian  limestone  under  the  new  red  sandstone,  and  also  coip- 
prises  the  lias  limestones  and  the  oolites.  Indeed,  I  am  convinced 
that  in  the  vicinity  of  the  Alps,  .rocks  analogous  to  the  chalk  forma- 
tioji  have  not  unfrequently  been  classed  with  transition  limestones. 
These  mistakes  have  arisen  from  a  desire  to  make  observations  agree 
with  preconceived  theories,  and  with  the  artificial  arrangements  which 
Werner  had  invented. ,  Thus  it  was  taken  for  granted,  that  the  gran- 
itic mountains  o£  the  Alps  being  primary,,  the  calcareous  mountains 
must  be  primary  also ;  and  when  organic .  remains  were  first  discov- 
ered in  Uiem,  the  geologists  in  France  were  greatly  surprised,  tod 
seemed  unwilling  to  admit  the  fact:  at  length,,  by  a  patnful  and  re- 
luctant effort,  they  removed  all  these  mountains  from  the  primary  to 
the  transition  class.  .  A  more  Herculean  labor  remains  to  be  perform- 
edi—^that  of  removing  many  of  these  mountains  still  higher,  to  the  up- 
per secondary  class.  '  In  the  vicinity  of  Mouliers,  in  the  Tarentaise, 
where  M.  Brochant  first  observed'  some  organic  remains  supposed  to 
belong  to  transition  rocks,  I  discovered  the  Patella  and  other  fossils, 
peculiar  to  tlie  upper  secondary  strata. 

In  parts  of  France'  at  a  distance  from  the  Alps  and  the  Jura,  the 
mineral  character  of  the  secondary  strata  might  alone  serve  to  identify 
them  with  the  English  lias,  oolites,  and  chalk ;  but  in  the  range  of  the 
Jnra  and  the  outer  ranges  of  the  Alps,  the  calcareous  formations  are 
of  such  immense  magnitude,  and  the  beds  are  often  so  highly  indura- 
ted and  crystalline,  that  it  is  only  from  their  relative  position  and  im- 
bedded fossils;  that  we  can  trace  their  analogy  to  the  English  strata, 
or  to  the  secondary  strata  in  the  north  of  France. 
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CHAPTER,  Vm. 

•  r 

ON   THS    LOWEB  OB  GBBAT  COAL  VOBMATION.-. 

The  Geologieal  Position  and  Stnictnre  of  Coal  Districts,  called  Coal-Fields. — 
DiaJk)cation  and  Disturbances  of  Coal  Strata  by  Faults  and  Dykes. — ^Min^ral 
Coal,  AntbTacite,  Plumbago,  Wood-Coal  or>Lif^ite.— ^ron-Stone  accoAipany- 
ing  Coal  8tiata.---On  Carbon  ds  an  original  Constitn^t  Part  of  ^e  Globe; — 
On  the  Origin  of  Coal  Strata^  and  their  Deposition  in  Fresh- Water  Lakes  or 
Marshes.— Numerous  Repetitions  of  tile  afame  Series  of  Beds  in  the  same  Coal- 
Field.— Precautions  necessary  in  the  ^Establishment  of  Iron  Fnrnaces.^49n  the 
Mode  of  searching  for  Coal. — ^Hints  to  landed  Proprietors  on  the  Probability  of 
finding  Coal  in  Districts  where  It  has  not  yet  been  discovered. — On  the  Fonna- 
tioQ  01  Coal-Beds  in  Fresh- Water  Lakes. — On.  the  Conrersion  of  Vpgetablc 
Matter  .into  Coal. — Imperfect  Coal  Fonnations.--Salt  Springs  in  Coal  Strata. — 
■Coal  Mines  in  France  and  North  America.— Obsefvations  on  the  Consumption 
of  Coal  in  England,  and  the  Period  when  the  Coal-Beds  will  be  exhausted* 

In  the  trdnsitioo  rocks  covering  the  primary,  described  in  the  pre- 
ceding chapter,  ^e  veryfarely,  indeed,  discover  any  remain^  of  ve- 
getables, either  terrestrial  or  marine.  Carbon,  which  is^the  priscipa) 
constituent  elemient  of  all  plants,  is  seldom  found  as  a  niiueral  sub- 
stance in  these  rocks;  for,  with  a  very  few  exceptions,  all-  the  ves- 
tiges of  organic  forms  which  they  contain,  are'  of  marine  animals. 
Hence  we  are  led  to  infer,  that  there  were  but  few  islands,  or  tracts 
of  dry  land,  rising  above  the  anciefnt  ocean,  in  which  these  marine 
caJcareous  beds  were- formed  or  deposited.  The  atteiltion  of  the 
geological  student  is  now  required  to  contemplate  a  most  important 
and  extensive  change  in  the  condition  of  the  globe,-^at  least,  of  that 
pah  of  it  which  forms  the  subject  of  the  present  chapter.  Over  the 
marine  rock  formations  before  described,  we  find  a  series  of  strata, 
two  thousand  feet  or  more  in  aggregate  defith,  in  which  remains  of 
marine  animals  are  extremely  Vare,  but  which  contain,  almost  exclu- 
sively, thie  remains  of  terrestrial  plants,  or  such  as  have'  grown  cither 
00  dry  land  or  in  marshes.  Carbon-,  in  the  form  of  coal,  constitutes 
also  onmerous  beds  in  the  series,  varying  in  thicktiess  from  a  few  in- 
ches to  thirty  feet  or  more,  and  alternating  with  beds  of  sandstone, 
indurated  cfay,  and  shale  or  schistose  clay.  Tbe  remains  of  vegeta- 
bles are  distributed  in  greater  or  less  abundance  throughout  the 
whole  series,  which,  taken  together,  are  called  by  miners,  in  the 
north,  eoalrnieasures.  The  cod  strata  were,  doubtless,  deposited  in 
the  vicinity  of  extetoive  tracts  of  dry  landj  containing  rivers,  marsh- 
es, iresb-water  lakes,  and  mountains :  the  marine  beds  which  are 
the  foundation  of  the  series  of  coal  strata,  and  also  surround  them, 
must,  therefore,  have  been  raised  from  the  bottom  of  the  ancient 
deep,  before  the  vast  accumulation  of  vegetable  matter  could  be 
formed.  To  whatever  cause  wo  attribute  this  change  in  the  condr- 
ikra  of  the  globe,  it  appears  to  have  been  attended  with  another  re- 
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markable  effect :  ^fter  this  period,  meuBic  veins  have  ^een  rarely 
Ibrmedy  for  tbey  seldom  rise  into  the  cod  strata.  The  vegetable  re- 
mains that  are  io-the  coal  strata,  appear  prmcipally  to  belong  to  plants 
that  abound  chiefly  in  tropical  chmates,  as  will  be  subsequently  no- 
ticed. In  no  country  have  coal-measures  beeni  more  extensively 
worked  than  in  England,  or  the  relations  of  the  strata  to  the  rocks 
above  or  below  them  been  more  fully  examined. 

Every  cod  district  has  its  peculiar  series  of  strata,  unconnected 
with  any  other  ?  there  is  a  general  resemblance  in  the  nature  of  the 
different  beds  in  each.  A  district,  with  its  peculiar  series  of  strata, 
is  called  a  coal-field.*  The  foundation  rock  on  which  the  coal-fields 
of  Derbyshire,  Northumberland;  Durham,  Shropshire,  and  North 
and  South'  Wales  immediately  rest,  is  die  mountain  and  transition 
fimestone,  de^ribed  ii^  Chapter  VIL  In  Nottinghamshire,  York- 
shim,  and  Lancashire,  the  foundation  rock  has  not  been  sunk  to,  nor 
does  it  rise  to  the  surface ;  but  we  have  eveir  reason  to  believe,  ti^at 
it  is  formed  by  a  continuation  of  the  same  limestone,  though  this  is 
by  no  means  essential  to  a  eoal-field.  In  some  part^  of  France,  I 
have  observed  the  coa]  strata  resting  upon  granite ;  being  separated 
from  It  only  by  a'thickl)e,d  of  conglomerate.  A  general  view  of  the 
arrangement  of  the  Derbyshire  coal-field  may  be  taken  as  affording 
a  ^e  of  the  whole  English  cpal-fields,  with  certaiix  exceptions, 
which  will  be  noticed. 

The  thick  beds  of  mountain  limestone  (see  Chap.  VII.)  ,wbich 
form  entire  mountains,  decline  in  height  towards  the  eastern  side  of 
the  county,  and  are  covered  by  the  coal-measures.  The  lowest  bed 
of  these  measures^  or,  to  speak  more  correctly^  the  bed  which  sepa- 
rates the  coal-measures  (rom  the  limestone,  partakoi  of  a  mixed 
character,  varying  from  soft  argillaceous  shale  to  bard  ssmdstooe ; 
'the  prevailing  color  is  a  dark  reddish  or  blackish  brotvn.  This  bed 
has  been  called  limestone'thale :  its  total  thickness  varies  from  five 
to  six  hundred  feet,  but  in  some  situations  is  much  le^s. 

The  harder  strata  of  which  this  great  bed  is  composed,  ace  sepa- 
rated by  soft  beds  that  easily  disintegrate  and  fall  down ;  tbey  form 
the  exposed  face  of  Mam  Tor,  or  the  s'hivering  mountain,  nei&rCas^ 
ileton.  The  peculiar  circumstance  which  renders  this  bed  remark- 
able ii,  that  though  it  contains  chiefly  vegetable  remaips,  it  contains 
also  occasional  patches  or  limited  strata  of  dark  bituminous  lime- 
stone, with  beds  and  nodules  of  ironstone,  and  thm  seams  of  coal, 
wluch,  however  interesting  they  may  be  to  the  geological  enquirer, 
are  too  inconsiderable  to  be  worked.  The  next  large  bed,  which  is 
in  some  situations  from  three  to  four  hundred  feet  in  thickness,  is 
composed  chiefly  of  strata  of  hard  siliceous  sandstone,  which  is  in 
some  plabes  coarse,  containing  angular  fragments  of  Quartz)  in  other 
piurts  it  is  a  fine  grained  and  very  durable  stone.  Some  of  tbe  strata 
of  this  be4  were  formerly  worked  for  millstones ;  from  which  cir- 
cumstanciB  it  received  th^  name  of  Millstone  Grit.    It  contaus,  as 


THICKNSBB  OF  C04L  9TR4TA.  109 

fsr  as  I  have  examioed)  the  remaiiM  of  vegetables  exclusiTel 
no  beds  of  workable  coal '  occur  in  it.    Where  the  stra 
basset  out,  this  rock  forms  abrupt  and  picturesque  clifi. 
grit,  are  laid  the  regular  series  of  coal-measures  or  strata 
sandstone  of  various  qualities,  indurated  clay  called  dtin 
softer  argillaceous  beds  called  bind,  and  schistose  argilla 
.  called  shale.    There  are  also  two  argillaceous  strata  cootai 
merous  shells  allied  to  fresh-water  muscles,  and  hence  called  Mus- 
cle-bind. 

A  gentleman  extensively  engag<^d  in  the  working  of  coal  mines  in 
this  district,  had  an  approximate  measure  taken  of  >lhe  thickness-of 
the  difiereot  beds,  which  he  sent  me,  and  it  was  published  in  the  first 
edition  of  this  work ;  from  which  ^*  it  appears,'  that  the  total  depth 
taken  on  the  level  liqe  of  the  measure  of  the  whole  Derbyshire  strata, 
including  part  of  Nottinghamshire,-  is  thirteen  hundred  and  ten  yards, 
in  which  are  thirty  difierent  beds  of  coal,  yaiying  in  thickness  from 
six  inches  to  eleven  feet,  making  the  total  thickness  of  coal  twenty 
six  yards :  of  course  the  above  estimate  can  be  regarded  only  as  an 
approximatbn  to  truth,  since  the .  thickness  of  the  strata  was  taken 
upon  a  leVel  line,  and  not  perpendicular  to  the  line  of  th^ir  inclina- 
tion or  dip.''  Making  an  allowance  for  excess  in  the  above  measui^ 
ment,  the  true  thickness  of  the  strata  may  fairly  be  estimated  at  about 
two  thousand  five  hundred  feet« 

What  is  particularly  deserving  of  notice  in  the  bed  of  limestone- 
diale  before  mentioned,  jbelow  the  coal-ipeasures,  and  above  the 
mountain  limestone,  is,  that  this  bed  presents  a  transition  from  maripe 
calcareods  strata  with  animal  remains,  to  fresh-water  strata  with  ter> 
restrial  vegetables :  as  both  occur  in  different  parts  of  the  bed,  it 
would  imply  ,r  thattb^  subjacent  liniestone  bad  been  gradually  but 
unequally  raised  above  the  'sea,  and  during  its  elevation  some  parta 
remained  immersed  iq  the  ocean,  while  other  parts  were  covered 
with  vegetable  depositions.  In  the  western  side  of  Durham  and 
Nortbumberlahd,  the  alternations  of  coal  ot  inferior  quality,  with  bed^ 
of  mountain  limestone,  are  more  distinct,  and  the  transition  from  ma- 
rine to  fresh- water*  formations  on  a  larger  scale :  both  prove  that, the 
elevation  of  the  beds  above  the  sea  was  efietted  by  the  operatioo  of 
an  elevating  force  acting  slowly,  or  •at' distant  intervals, — a  subject 
which  it  is  proposed  to  advert  to  in  another  part  of  the  volume. 

Coal-fields,  as  before  stated,  are  of  limited  extent,  and  the  strata 
frequently  dip  to  a  common  centre,  being  often  arranged  in  basin- 
shaped  concavities,  which  appear  to  have  been  origiqally  detached 
lakes,  that  were  gradually  filled  by  repeated  depositions  of 'carbon- 
aceous and  nfkineral  mattei^.  In  some  of  the  larger  coal-fields,  the 
original  form  of  the  lake  cannot  be  traced,  but  in  the  smaller  ones 
it  is  distinctly  preserved. 

ThO' different  strata  under  a  bed  of  coal  are  frequently  similar  to 
the  strata  over  it ;  and  the  same  series  b  again  repeated,  in  some 
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mines  seyeral  times,  under  different  beds  of  coa],  with  a  perfect  simi- 
larity both  in  the  succession  and  thickness  of  each.  In  some  instan- 
ces, a  single  bed  of  stone  of  vast  ditckness  separates  two  beds  of  coal. 
In  other  instances,  only  a  very  thin  stratum  of  shale  or  clay  lies  be- 
tween coal  beds.     . 

Though  numerous  beds  or  seams  of  coal  occur  in  one  coal-field, 
very  rarely  more  than  three  of  these  are  worked.  The  thickness . 
of  the  coal  strata  in  the  same  coal-field,  often  varies  from  a  few  in- 
ches to  several  yards;  but  each  stratum  generally  preserves  nearly 
the  same  thickness  throughout  its  whola  extent.  Instances  to  the 
contrary  sometimes  occur, .  in  which  the  same  bed  will  become  nar- 
rower or  wider,  and  sometimes  be  divided  by  a  stratum  of  incombus- 
tible earthy  matter,  in  different  p^ts  of  its  course.  Few  beds  of 
coal  are  worked  at  a.  great  depth,  which  are  |ess  than  two  feet  m 
thickness.  The  stratum  lying  over  a  bed  of  coal  is  called  its  roof, 
and  the  stratum'^under  it  the  floor.  The  facility  of  getting  coal  de- 
j^ends  very  much  on  the  compactness  of  the  stone  which  forms  the 
roof,  not  only  on  account  of  the  security  from  falling,  but  for  keep- 
ing out  the  upper  water,  and  preserving  the  pit  in  a  dry  state.  The 
great  expense  incurred  in  supporting  the  roof  when  it  is  loose,  fre- 
quently prevents  a  valuable  bed  of  coal  from  being  worked,  or  ab- 
sorbs all  the  profit.  >  In  some  situations,  the  roof  }s  indurated  clay, 
impregnated  with  bitumen  and  pyrites.  When  this  falls  down,'  and 
is  mtermixed  with  water  and  small^coal  at  the  bottom,  it  takes  fire 
spontane^ously ;  on  which  account  die  miners  close  up  the  space  with 
common  clay,  where  the  coal:  has  been  worked,  to  prevent  the  access 
of  air  to  the  combustible  matter.  This  kind  of  combustible  clay  is 
called  tow  ;  it  is  common  in  the  Ashby-de-la-Zouch  coal-field,  and 
in  Staffordshire..  The  floor  ox  stratum  on  which  the  coal  lies,  con- 
sists of  clay  in  various  degrees  of  induration,  and  is  almost  always  of 
that  kind  which  will  resist  the  action  of  fire,  called  fire-clay,  suited 
for. furnace  bricks  and  crucibles. 

It  has  been  before  observed  that  coal  strata  are  frequently  bent 
io  concavities,  resembling  a  trough  or  basin,  dipping  down  on  one 
side  of  the  field  and  rising  on  the  other.  In  Plate  IV.  fig.  2«  the 
section  of  a  coal-field  is  represented,  in  which  the  coal  strata:  c  c  c, 
D  D  are  inclined  in  this  manner,  but  partially  dislocated  by  a  fracture 
or  fault  at  t.  The  extremities  of  the  lowest  stratum  c  c,  are  sever- 
al miles  disti^nt  in  some  coal-fields,  in  others  not  more  than  one  mile. 

In  the  great  coal-field  in  South  Wales,  which  is  rather  a  long 
trough  than  a  basin,  the  strata  are  ^irransed  in  this  manner  over  an 
extent  of  nearly  a  hundred  miles  in  length,  and  a  variable  breadth  of 
from  five  to  twenty  miles.  It  is  partly  broken  into  by  Caermartfaen 
Bay,  but  it  forms  9n  extent  of  surface  exceeding  twelve  hundred 
square  xp!Aet.  It  contains  twenty-three  beds  of  workable  coal,  i^hich 
are  said  by  Mr.  Martin  to  make  together  ninety-five  feet  in  thickness 
of  this  valuable  mineral ;  this  will  yield  sixty-four  million  tons  of  coal 
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per  square  mile.  The  thickest  bed  of  coal  is  nine  feet;  iD%soine 
pens  there  are  sixteea  seams  of  iroostoDe..  The  strata  of  this  vast 
coal-6eId  are  deepIy^  cut  dirough  by  valleys,  aod  are  much  broken 
by  faults,  and  the  quality  of  the  eoal  varies  greatly  in  different  parts 
of  the  field. 

At  the  Clee  Hills  in  Shropshire,  the  breadth  of  seme  of  the  coal- 
fields is  not  a  mile.  At  Ashby  Wolds  in  Leicestershire,  in  the  central 
pan  of  the  field  at  e,  Plate  IV.  fig.  2.,  the  maiq  bed  of  coal  is  work- 
ed at  the  depth  of  two  hundred  and  forty,  yards;  but  by  the  bend- 
ing and  rise  of  the  strata,  the  saipe  bed  comes  to  the  surface  at  b, 
about  three  miles  distant.  The  depth  of  coal  strata,  from  the  incli- 
nation or  bending  of  the  strata,  differs  much  in  the  same  district,  as 
will  be  evident  from  what  has  been  stated,  and  from  an  inspection  of 
the  last-mentioned  figure.  Some  coal-fields  eiuend  in  a  waving 
fonn  over  a  district. 

On  the  eastern  side  of  England,  ihe  strata  generally  decline,  or, 
in  the  miner's  language,  dip,  to  the  south-east  point :  on  the  western 
side  of  the  strata  they  are  more  frequently  thrown  into  different  and 
opposite  directions,  hy  what  are  Called  faults  and  dykes. 

A  fault  is  a  break  or  intersection  ofstrata,  by  which  they  are  com- 
niODly  r^sed  or  thrown  down ;  so  that,  in  working  a  bed  of  coal,  the 
men  come  suddenly  to  its  apparent  termination.  A  dyke  is  a  wall 
of  mineral  matter,  cutting  through  the  strata  in  a  position  nearly  ver^ 
tical.  (See  Plate  IV,  fig.  2.  and  3.)  The  name  dyke  is  originally 
derived  firom  our  Nonbem  neighbors:  it  signifies  a  wall.  The 
thickness  of  dykes  varies  from  a  few  inches  to  twenty  or  thirty  feet, 
and  even  yards.  The  dykes  which  intersect  coal  strata  are  compo- 
sed of  indurated  clay,  or  more  frequently  of  basalt,  and  will  he  par- 
ticularly described  in  the  following  chapter^ '  In  some  coal-fields  the 
strata  are  raised  or  thrown  down  on  one  side  of  a  dyko  one  hundrq/d 
and  fifty  yards  or  more ;  and  the  'miner,  after  penetrating  through  it 
(see  Plate  IV.  fig.  3.),  instead  of  finding  the  same  coal  again,  n^eets  * 
with  beds  of  stone  or  clay  on  the  other  side  at  e  r  hence  he  is  fre- 
quendy  at  a  loss  how  to  proceed  in  searchiqg  for  the  coal  which  is 
thus  cut  off.  If  the  stratum  of  stone  e  b^  the  same  as  any  of  the 
strata  which  were  sunk  th|^ough  ip  making  the  pit  or  shaft  g  ^,.  it 
pro?es  that  the  bed  of  coal  on  the  other  aide  oi  the  fault  is  thrown 
down,  and  be  can  determine  the  exact  distance  between  that  stratum, 
and  the  coal  he  is  in  search  of.  But  if  the  stone  is  of  a  different 
kind  u>  any  which  was  above  the  coal  he  is  working,  he  may  be  cer- 
tain that  tbe  stcata  on  the  other  side  of  the.fault  are  .thrown  up,  but 
to  what  distance,  if  the  nnder  strata  have  not  been  previous^  per- 
forated, can  be  ascertained  only  by  trial.  It  frequently  happens, 
however,  that  two  or  more  strata  of  stone  or  shale,  at  difierent  depths, 
are  so  similar  in  their  quality  and  appearance,  that  it  is  impossible  to 
distinguish  them :  in  such  cases,  it  is  necessary  to  perforate  the  stra- 
tum, to  ascertain  its  thickness,  and  examine  the  quality  of  the  strata 

14 
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abore  or  below  it,  by  which  its  identity  with  any  known  strttom  may 
generally  be  ascertained.    The  manner  in  which  the  strata  are  io- 
clined  towards  the  fault,  will  also  determine  whether  they  are  thrown 
up  or  down,  provided  they  are  not  shattered  where  they  come  in 
contact  with  it,  which  is  frequently  the  case.*    Each  bed  6f  coal  in 
a  coal-field  has  certain  characters  by  which  it  may  generafly  be. 
known  to  be  the  same.    Its  thickness,  and  the  quality  of  the  roof 
and  flopr,  with  that  of  the. upper  and  under  strata,  generally  stnre  to 
identify  it,  though  it  may  be  much' deeper  in  one  place  than  another. 
The  dykes  which  intersect  coal  strata  are  generally  impenrkMia  to 
water ;  and  it  not  unfrequent^  happens,  that  where  the  strata  decline 
to  them,  they  hold  up.tbewater,  and  o6casion  springs  at  the  surface, 
or  kieep  the  coal  works  on,  that  srde*of  the-  fault  under  water,  when 
the  coal  works  on  the  other  side  are  dry.'    This  will  be  better  un- 
derstood by  referring  to  Plate  IV.  fig.  3.  and  3.,  where  the  coal  strata 
on  the  right  hand  decline  or  dip  to  the  fault  or  dyke ;  and  the  watier 
which  passes  through  or  between  the  strata  will  be  stopped  at  the 
faults  and  dammed  Op ;  in  which  case  the  coal  beds  to  the  right  of 
the  dyke  will  be  under  water,  and  those  on  the  other  side  dry.     Now, 
should  a  perforation  be  incautiotj^ly  made  through  the  dyke,  all  the 
water  will  be  thrown  upon  the  works  on  the  left,  that  were  before' 
dry^    Where  the  coal  on  each  side  of  a  feulc  belongs'  to  difierent 
proprietors,  a  few  strokes  with  a  pickaxe  may  thus  do  incalculable 
mischief  to  those  on  the  one  side,  'and  render  great  eervice  to  the 
other,. by  laying  iheii'  pits  dry. 

The  deepest  coal  mines  in  England  are  those  in  Northumberland 
and  in  the  county  of  Durham,  some  of  which  are  worked  nearly 
three  hundred  yards  below  the  surface.  The  thickest  bed  of  En* 
glidh  coal  of  any  considerabld  extent  is  .the  main  coal  in  Stafibrd- 
djiire,  which  is  thirty  feet.  ■  The  upper,  lower,  and  middle  parts  of 
the  bed  dififer  in  quality.  Mr.  Keir,  Who  has  written*  an  interesting 
'  account  of  the  mineralogy  of  the  south  of  Stafibrdshire,  says  that 
thirteen  different  kinds  of  coal  occur  over  each  other  in  this  bed ; 
the  uppermost,  which  is  compact,  serves  as  a  roof  in  getting  the  un- 
der coal.  At  the  Wood  Mill-hill  colliery  in  this  county,  the  coal  is 
said  to  be  forty-five  feet  thick ;  and  three  beds  of  coal,  from  three  to 
four  feet  in  thickness,  have  been  found  under  it,  since  Mr.  Kier^s  ac- 
count was  pubNshed.  The  first  is  only  two  yards  under  the  thick 
coal.  The  hiain  bed  of  coal  in  the  Ashby*de-la-Zouch  coal-field  is 
thirteen  feet  thick ;  the  upper  and  lower  seams  of  this  bed  also  vary 
10  quality ;  and  the  top  serves  as  the  roof,  bving  more  compact  than 
the  stratum  over  the  coal.    Few  beds  of  coal  in  other  parts  of  Eng- 


•  If  the  dyke' make  an  acute  angle  with  the  npper  surface  of  the  strata,  they 
are  thrown  up  on  that  side ;  but  if  it  make  aA  obtu$e  angle,  they  are  thrown  down. 
See  Plate  I  v.  fig.  8.  d;  and  hg.Z.d,  »   >      / 
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hod  or  in  Wales  exceed  from  six  to  tune  fisei  lo  thickness;  but  a 
diftreoce  in  tbe  qualitf  may  generally  be  obseryed  in  the  upper, 
lower,  and  middle  parts  of  the  same  beid. 

A  curious  fact  is  stated  by  Mr.  Keir  respecting  the  main  coal  of 
Staffi>rdshire.  In  one  situatbD  the  upper  part  of  the.  bed  separates 
from  the  bwer,  and  rises  to  the  surface,  br  crops  out.  It  is  at  first 
divided  by  indurated-  clay  .called  bind  or  clundh ;  but  as  the  distance 
becomes  wider,  tbe  intervening  stone  grows  harder,  and  will  strike 
fire  with  flmt  Similar  separations  sometimes  .ta^e  place  in  the  beds 
of  coal  m  the  mines  of  Northumberland  and  Durham.  ,The  lai*gest 
known  bed  of  coal  in  the  west' riding  of  Yorkshire  is  near  Barnsley : 
it  is  tea  ieet  thick,  and  is  supposed  .to  b|d  formed  by  tbe  meeting  of 
two  or  more  seams,  which  soon  separate  again..  The  miners  have 
not  been  able  to  trace  the  same  bed  in  situations  where  it  might  haTe 
been  found,  had  it  preserved  the  same  thickness,  in  other  parts  of  its 
course. 

Coal  strata,  beside  the  more  common  dislocations  by  faults,  pre* 
sent  remarkable  contortbns,  which  it  would  be  diffictilt  to  explain, 
except  by  admitting  a  lateral  forcb,  which  has  compifessed  them  inlo 
a  xigzag  form.  To  the  same  cause,  or  perhaps  to  a  partial  sinking 
of  the  earth,  w:d  may  attribute  the  origin  of  what  is.  called  fittdty 
ground,  whicl^  frequently  .occurs  in  coal-fieldsr  In  this,  no  actual 
dyke  appears  to  have  been  formed ;  but  the  beds  of  coal,  with  all 
the  aecompanying  strata,  are  so  broken  and  shattered,  that  no  >woirk* 
logs  can  be  carried  on,  till  the  miner  has  got  through  them  into  regti* 
lar  strata.  These  broken  parts  of  the  strata,  called  iroubUs  and 
fauby^roundy  occasion  much  more  difficulty  to  the  miner  than  com* 
mon  faults  or  dykes,  and  are  sometimes  of  great  extent. 

In  some  coal  fields  one  part  of  a  stratum  is  inclined,  and  the  other 
part  vertical.  A  curious  fact  of  this  kind  may  be  seen  in  a  small  coal 
field  near  the  town  of  Manchester.* 

The  position  of  coal  strata  in  many  coal  fields  may  be  represented 
by  a  series  of  fresh  water  muscle  shells,,  decreasing  in  size,  laid  witb* 
in  each  other  but  separated  by  a  thin  paste  of  clay.  If  one  side  of 
the  shell  be  raised,  it  ^ill  represent  the  general  rise  of  the  strata  ip 
that  direction ;  and  if  the  whole  series  be  4ialocated  by  partial- cracke 
riang  one  part  a  little  and  depressing  the  other,  to  represent  faults  in 
the  coal,  it  will  give  a  better  idea  of  the  coal  field  than  any  descrip* 
lion  can  convey.  We  are  here  to  suppose  that  each  shell  represents 
a  stratum  of  coal,  and  the  partitions  of  clay  the  earthy  strata  by 
which  (bey  are  separated.  The  outer  sheU  represents  the  lowe'st 
bed  of  coal,  which  may  be  many  miles  in  extent.  Now,  if  a  much 
larger  shell  be  fiUed  with  sand,  and  the  lowest  shell  be  pressed  into  it 
we  may  consider  thelai^e  shell  to  repre3entlimestone,  and  the  sand 


*  I  have  given  a  short  account  of  this  coal  field  in  the  second  volume  of  the 
Transactions  of  the.  Oeological  Society. 
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gritstOQo:  .w^  shall  then  have  a  model  of  th^  coal  strata  in  many 
parts  of  Englandi^  and  their  situation  oyer  the  metalliferous  lime, 
with  the  beds  of  sandstone,  bj  which  they  are  separated  from  it. 

From  the  inclination  of  bending  of  coal  strata,  they  always  rise 
near  to  the  surface  in  some  parts  of  their  course,  and  would  be  ybi- 
ble  if  not  covered  by  soil  or  gravel.    In  the  intersections  formed 
by  rivulets>  or  by  accidental  fractures  on  thie  sides  of  hills  in  a  district, 
the  nature  of  the  strata  may  often  be  determined,  and  should  be'  as- 
certained beforid  any  expense  be  incurred  in  boring  or  sinking  for 
coal.    When  this  is  done,  a  proper  station  should  be  chosen ;  which 
requires  great  judgment ;  otl^erwise  it  is  possible  to  bore  or  sink  to 
great  depths,  and  miss  a  bed  of  coal  which  exists  very  near  the  place. 
This  will  be  evident  from  the  inspectionof  the  two  stations,  a  and  6, 
Plate  IV.  fig^  2. ;  in  the  totter  it  would  be  impossible  to  meet  with  the 
bed  of  coal,  c,  because  the  search  is;made  beyond  the  line  where 
i)  rises  to  the  surface,  or,  in  the  miner's  language,  crops  out.    At  a, 
eoal  would  be  found  after  sinking  only  a  few  yards.*    In  most  situa- 
tions, it  is  better  to  search  for  coal»  as  deep  as  can  be  done  without 
expensive  poachinery,  by  sinking  a  well  in  preference  to  boring.    By 
sioKing,  a  decisive  knowledge  of  the  nature  and  thickness  of  the  strata 
can^be  ascertained  as  far  aS  you  descend,  ^ich  can  be  only  imper-* 
fectly  known  by  boring ;  for  the  latter  mode  is  liable  to  great  uncer- 
tainty of  result,  from  bendings  or  slips  of  the  strata.    If,'  for  instance, 
the  borer  be  worked  in  the  situation  a,  Plate  IV.  fig.  2.,  it  will  pass 
threugh*  a  great  depth  of  coal,  which  in -reality  may  not  be  more  than 
a  few  inches  m  thickness.    Besides  the  uncertaiti^  of  the  results, 
th6  grossest  impositions  are  «)metimes  practised  to  answer  interested 
purposes,  and  induce  proprietoxs  to  continue  the  search,  where  there 
IS  no  reasonable  probabili^  of  success.    Where  coal  strata  come  lo 
the  surface,  they  are  generally  in  a  soft  decomposed  state^  and  inter- 
mixed  with  earthy  matter.    They  frequently  present  no  appearance 
of  eoal,  but  the  soil  may  be  observed  of  a  darker  colour.    The  real 
quali^' of  the  coal  cannot .  be  ascertained  until  it  is  found  belov^,  in 
its  natural  undecomposed  state,  lying  between  two  i^egular  strata  of 
stone  or  indurated  clay.    In  general  it  is  observed,  that  the  same 
bed  improves  in  qualityjas  it  sinks  deeper  into  the  earth.    Coal 
strata  are  generally  split  or  divisible  mto  rhomboidal  blocks,  by  ver* 
tical  joints:  these  are  called  slines;  the  oblique  shorter  joints  are 
called  cutters. 

From  what  will  be  statedin  the  subsequent  chapter,  it  will  appear 
that  there  is  more  dian  one  third  of  England  in  which  all  search  for 
valuable  coal  is  useless  :  the  knowledge  of  a  negative  fact  becomes 


•  In  1811, 1  saw  in  Radnorshire,  a  fruitless  search  for  coal  of  this  kind ;  a  bed 
of  coal  oft  a  J)ad  quality  rose  near  the  surface,  and  the  attempts  to  obtain  it  vero 
made  beyond  the  outcrop  of  the  bed. 
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important,  when  it  saves  us  from  loss  of  time,  expense,  anddisappoim- 

mcnt.  «        ^ 

Common  coal  b  a  mineral  too  well  known  to  require  a  particular 
description.  Mineralogists  divide  coal  into  two  species,— Brown 
coal,  and  Black  coal ;  the  former,  sometimes  called  wood  coal,  is 
diieflj  found  in  alluvial  or  diluvial  ground.  It  contains,  besides 
charcoal  and  bitumen,  various  vegetable  principles,  and  the  branches 
or  trunks  of  trees  partially  decomposed,  which  mark  the  origin  of 
tUs  Idnd  ot  coal. 

Black  cool  or  common  coalf  is  composed  of  charcoal,  bitumen  and 
earthy  matter.  The  latter  £cHin»  tb^  ashes  which  i^emain  after  com- 
bustioD :  these  vary  in  proportion  in  different  coalsy  from  two  to  near 
twenty  per  cent.  Thepropdiftion  of  bituip^n  varies  from  twenty  to 
forty  per  cent.,  and  the  charcoal  from  forty  to  more  than  eighty  per 
cent. 

Mneralogists'have  enumerated  many  different  kinds  of  black  cofil: 
several  of  these  pass  by  gradation  into  each  other  in  the  same  mine. 
The  most  important  varieties  in  an  economical  view  are  the  hard  cosd 
like  that  of  Sta€brdshire,  and  bituminous  or  caking  coal,  called  in 
London  Sea-coal.         ' 

Anthradie  is  a  mideral  ^pprbachiog  to  the  state  of  plumbago  ^  it 
consists  nearly  of  pure  carbon,  is  extremely  hard  and  difficult  to  ignite, 
and  ^as  often  a  semi-metallic  lustre.  It  occur^in  rocks  which  have 
generally  been  regarded  as  belonging  to  the  transition  class,  but  is 
^medmes  found  iii  small  quantities  in  regular  coal  strata.  X^^  coal 
in  the  ezteosivecoal  formation  of  Pennsylvania  is  called  anthracite, 
because  it  emits  but  little  smoke  in  burning,  but  is  only  a  variety  of 
common  coal,  containing  but  little  bitumens 

Coal  strata  are  frequently  acoompabied  by  thin  strata  ofironstone^ 
This  stone  has  a  dark  brown  or  gray  color,  it  has  an  earthy  appear- 
ance and  fracture,  and  is  about  three  iimes  heavier  than  au  equal 
bulk  of  water.  '  Some  kinds  have  the  specific  gravity  of  3*6. 
Though  modern  mineralogists  call  this/  mkieral  clay-ironstone,  after 
Werner,  fronft  its  resemblance  to^argillaceous  stone?,  on  analysis  it  is 
found  to  contain  but  a  very  minute  portion  of  aljcimine  or  piire  clay, 
sometimes  not  more  than  two  per  cent.  It  is  composed  principally 
of  iron  combined  with  oxygen,  carbonic  acid  and  water,  and  a  small 
quantity  of  silex,  and  in  some  instances  with  calcareous  earth;  If  it 
be  of  a  good  quality,  it  yields  more  than  thirty  per  cent,  of  iron,.  In 
some  of  the  beds  of  clay  over  coal,  detached  nodules  of  ironstone 
occur,  which  are  also  smeked  for  iron. 

The  vast  extent  and  importance  of  our  iron  works  are  well  known 
but  their  establishnnent  13  pf  recent  date.  Formerly  our  furnaces 
were  on  a  diminutive  scale,  and  wood  or  charcoal  was  the  only  fuel 
employed,  but  in  the  present  cultivated  state  of  the  country,  wood 
could  not  be  procured  in  requisite  quantity.  The  application  of  coal 
or  coke  to  the  smelting  of  iron  is  among  the  most  useful  of  modem 
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ifliprorements ;  but  it  is  only  some  kinds  of  coal  that  af e  proper  for 

the  purpose.  Inattentioti  to  this  circumstance  has  frequently  led 
landed  proprietors  io  great  unprofitable  expense.  Finding  ironstone 
and  coal  in  abundance  upon  their  estates,  they  have  constructed  fur- 
naces and  other  i^orks  at  a  considerable  cos^  and  have  discovered 
too  late  that  the  coal,  however  suitable  for  domestic  or  other  usesi 
was  unfit  to  make  iron  of  a  marketable  quality.  To  make  good  iron 
from  the  best  ironstone,  it  is  necessary  that  the  coal  should  be  as  free 
as  possible  from  every  substance  with  which  sulphur  is  combined. 
It  should  possess  the  property  of  forming  a  hard  coke  or  cinder;  and 
if  it  have  the  quality,  of  cementingW  cfuntigfy  it  is  the  more  valuable, 
as  the, small  coal  ean  then  be  used  for  the  purpose  of  coking,  which 
is  frequently  wasted  where  it  does  not  possess  this  quality. 

Differetit  opinions  have  been  formed  i^especting  the  origin  of  coal. 
In  the  primary  and  transition  mountains,  a  particular  species  of  coal 
occurs  in*  small  quantities,  as  before  .Stated^  which  is  extfemely  hard 
and  splendent,  and  burns  widiout  smoke  or  flame,  and  is  called  an- 
thracite; it  resembles  anil  appears  to  pass  into,  the  mineral  called 
plumbago  or  graphite.   HDommon  coal  also  sometimes  graduates  into 
plumbago.     Plumbago  and  anthracite  are  so  completely  mineralised 
Bs  to  present.no'  indications  qf  a  vegetable  origin ;'  bbt  the  slate,  in 
which  anthracite  is  imbedded,  sometimes  contains'*  impressions  of 
ferns,  and  the  strata  over*  common  coal^  abound  in  vegetable  impres- 
sions :  the  cortical  part  of  the  vegetable  is  frequently  seen'XX)nverted 
into  mineral  coal.    It  is  not  ouen  that  vegetable  impressions  are 
found  in  the  coal  itself;  but  some  of  the  regular  coal  beds  in  the 
Dudley  coal-field,  of  wliich  I  have  specimens  of  considerable  sise 
and  thickness,  are  composed  ofdistinct  layers  of  vegetables,  convert- 
ed into  true  mineral  cdal ;  but,  when  separated,  preservng  tbb  dis- 
tinct cortical  impressions  of-  plants  throughout  the  whole  thickness  of 
the  coal.    It  is  reasonable  to  believe,  that  all  the  coal  beds  in  the 
i^ame  field  are  also  formed  of  vegetable  matter,  though  the  impres- 
fiion^  may  be  effaced.    Ihave  i\so  a  specimen  of  common  coal  from 
Derbyshire,  with  different  cortical^  impressions.     Granting  that  com- 
mon coal  is  originally  derived  ixbra  the  decomposition  of  vegetables, 
k  may  be  fairly  asked, — 'fromiwhence  did  the  vegetable  tribes  origin- 
ally derive  the  carbon,  of  which  their  sojid  parts  are  principally  com- 
posed? Carbon  either  previously  existed  in  nature,  or  trees  and 
plants  had  the  power  of  forming  it  from  more  simple  elements. 
Neither  of  these  opinions  is  improbable,  nor  are  they  at  variance 
with  each  other.    If  carbon  be  a  compound  substance,  of  which 
hydrogen  is  a  constituent  part,  it  may  be  formed  by  the  process  of 
vegetation,'  ^r  it  may  exist  also  in  the  mineral  kingdom,  independent 
of  organic  productions.    That  carbon  is  an  original  constituent  de- 
mentary  part  of  the  dobe,  can  scarcely  be  dodbted,  when  we  con- 
sider d}at,  united  witn  oxygen,  it  is  an  important  coosdtuent  part  of 
tU  limestcMie  mountains,  composing  nearly  one  half,  by  weight,  of 
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their  substsoee,  or  44  of  carbonic  acid  to  56  nf  lime.    Now,  tbe 
qoantity  of  carboDi  wben  separated  from  the  oxygen,  woald  bee^ual 
to  one  eighth  of  the  whole  mass  of  limestone ;  and,  as  all  Ae  an- 
cient limestone  formations  were  deposited  under  the  ocean,  we  can- 
not suppose  that  this  carbon  was  derived  from  tbe  vegetable,  king- 
dotn.    Could  the  carbon  be  separated  from  tbe  limestone  in  tbe 
great  calcareous  ranges  of  the  Jura  and  tbe  Alps,  it  would  form  a 
bed  of  pure  carbon,  nearly  a  thousand  feet  in  thickness,  through  the 
vast  extent  of  these  mountains:  and  were  we  forced  to  admit  that 
this  carbon  was  derived  from  organic  secretion,  we  should  rather 
look  to  the  animal  than  the  vegetable  kingdom  for  its  origin ;  as  no 
small  poitioQ  of  diany  calcareous  mountains  is  composed  of  ani- 
mal remains,  and  oalcareous  beds  are  forming  in  our  present  seas,  of 
great  extent  and  thickness,  by  tbe  accumulation  of  $bells.and  coral. 

M.  Adolphe  Brongnislrt,  in  a  recent  work  on  vegetable  fossils,  has 
iogenbusly  suggested  apother  origin  ior  vegetable  carbon :  he*  ad- 
mits, as  I  have'  done,  that  carbon  is  an  original  element  in  the  ^ompo^ 
sition  of  the  glob^,  and  its  atmosphere.  He  supposes  thfit  the  at- 
mosphere  of  the  antient  world,  might  contain  mote  carbbnic  acid 
than  at  present;  /  This  would  be  highly  favorable  to  the  rapid  growth 
of  plants;  and,  in  proportion  as  the  plants  absorbed  the  excess  of 
carlx)nic  add  (fixed  air),  they  would  render  tbe  atmosphere  move 
pure,  and  fit  it  for  the  future  r^espirdtion  of  animals. 

fiitvinen,  which  is  composed  *of  carbon  and  hyt]rogen,  is  kn6wD 
to  exude  from  the  lava  i>{  recent  volcahoes ;  and  tbe  volcanic  tufa  in 
Auvergne,  which  covers  a  vast'extent  of  surface, .  is,  almost  every 
where^-  incormi^ied  with  bitumen.  In  hot  weather  I  have  seen  it 
trickling  out  of  the  tufa  in  considerable  (Quantities,  resemUing  melted 
pitch.  As  the  ancjent  volcanoes  of  thatdistrict  broke  out  from  be- 
neath the  grdnite,  we  may  fairly  infer,  that  the  bitumen  which  abounds 
in  the  volcanic  tufa  is  as  much  a  mineral  substance  as  the  sulphur 
which  accompanies  volcanic  eruptions,  or  which  is  sublimed  from  the 
vapors  of  quiescent  volcanoes.         ^   ' 

Though  the  carbon  that  exists  as  a  constituent  part  m  some  prt- 
mry  rocks  may  be  derived  from  the  mineral  kingdom,  th^re  c^ 
scarcely  remain  a  doubt,  that  wood-coal  and  common  coal  are  of 
vegetable  origin.  .  Wood-coal,  or  brown  coal,  i^  ibund  in  low  situa- 
tions, and  appears  to  have  been  formed  of  heapsof  trees  buried  by 
inundations  under  beds  of  clay,  sand,  or  gravel.  The  wo6dy  parts 
have  probably  undergope  a  certain  degree  of  vegetable  fermentadbn, 
under  tbe  pressure  of  the  incumbent  earthy  matter,  by.  which  they 
have  been  carbonized  and  consolidated.  In  some  specimens ^f  thia 
coal,  the  vegetable  fibre  o)r  grain  iis  perceptible  in  one  part,  and  tbe 
other  part  is  reduced  to  coal.  The  vegetable  principles  which  this 
coaJ  contains,  united  with  bitumen  and  charcoal,  have  been  already 
stated.  In  black  or  common  coal,  the  vegetable  extract  and  reaia 
are  destroyed,  and  the  charcoal  and  bitumen  alone  remain ;  but 
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woodncoal  aod  common  coal  bear  in.other.  respects  too  dose  a  resein- 

blaace>  >to  allow  us  to  ascribe  to  tbem  a  different  origin,  though  they 
were  probably  fortned  from  different  tribes  in  the  vegetable  kbgdom, 
and  under  different  oircumstances. 

Wood^ti*  is  found  in  considerable  quantities  at  Bovey  Heath- 
field,  near  E^keter.  Several  beds  of  coal  are  separated  by  strata  of 
clay  and.gravel :  ^he  lowest  is  seventeen  feet  thick,  anid  rests  oq  a 
bed  .of  clay,  u^der  which  is  sand  resenibling  sea  sand.  The  coalja 
contact  with  the  clay  has  a  brown  colour,  and  appears  intermixed 
with  eajc;!).  In  other  parts  th^  lamins  of  the  coal  undulate,  and  re- 
semble the  roots  of  trees:  in  the  middle  of  the  lowest  suratum  the 
coal  is  more  compact,  and  is  of  a  black  colour,  and  nearly  as  heavy 
as  Common  coal. 

.  A  great  reppsitory  of  tbid  kind  of  coal  exists  ne^  Cologoe :  it 
extends  for  miE^ny  leagues :  it  is  fifty  feet  in  thickness,  and  is  cohered 
with  a  bed  of  gravel,  from  twelve  to  twenty  feet  deep.  Trunks  of 
trees  deprivM  of  their  branches  are  imbedded  in  this  coal ;  which 
proves  tb&t  .they  have  been  ^transported  from  a  distance.  Nuts 
.which  arfe  indigenous  to  Hindostan  apij  China,  and  a  fragrant  resinous 
substance,  are  also  found  in  it.  A  similar  resinous  substance  occurs 
in  the  Bovey  coal,  and  was  also  discovered  with  fossil  wood,  iq  cut- 
ting through  Highgate  I|31.  MV.  Hatcbett,  by  whom  it  was  analyzed, 
has  given  it  the  natae  of  retinasphaltum. 

In  wood-coal  we  almost  seize  nature  in  the  .act  of  making  coal, 
before  the  process  is  cpmpleted.  These  formations  of  coal  ar6  of 
far  more  recent  date  than  that  of  common  coal,  though  their  origin 
must  be  referred  to  a  former  condidon  of  the  globe,  when  the  veg- 
^etable  productions  of  tropical  climates  flourished  in  northern  latitudes. 
The  vegetable  origin  of  commpn  mineral  coal,  appears  to  be  estab- 
lished by  its  associa(;ion  with  strata  abounding  in  vegetable  impres- 
sions; by  its  close  similarity  to  wood-coal  (which  is  undoubtedly  a 
vegetable  product) ;  and,  lastly,  by  the  decisive  fact,  that  some  Aain- 
eral  coal  in  (he  Dudley  coaKGeld  i?  composed  entirely  of  layersof 
mineralized  plants.  . 

But  though  the  vegetable  origin  of  mineral  coal  may  be  satisfacto- 
rily established,  there  is  consideraole  difficulty.in  conceiving  by  what 
process  -^o  many  beds  and  seams  of  coal  have  been  regularly  ar- 
ranged over  each  other  in  the  same  coal-field,  and  separated  by  strata 
of  sandstone,  shale,  and  indurated  clay.  It  will  tend  to  simplify  the 
enquiry,  if  we  examine  a  coal-field  of  very  limited  extent ;  such  as 
those  which  occur  in  small  coal-basins  called  sioUleys  on  the  hills  in 
the  West  Riding  of  Yorkshire,  and  which  are  not  more  than  one 


*  The  description  of  wood-coal  ought  to  be  given  in  the  account  of  the  tertiary 
strata  and  dilu^ia,  bat  it  offers  many  circunistaiices  which  tend  to  elacidate  the 
formation  of  mineral  coal. 
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ttile  in  length  and  breadth.  It  seeims  evident  tiitt  these  basina  have 
once  been  small  lakes  or  marsbes,  and  that  tbe  strata  have  been  de^ 
posited  on  tbe  bottom  and  sides,  takiag  the  concave  form  which  de- 
positions under  such  circumstances  must  assume :  and  it  is  deserving 
of  notice,  that  the  stratum  of  coal,  whicb  in  one  of  these  coal-basiDf 
at  Hudswell  is  a  yard  thick  in  the  lowest  part,  graduallj  diminishes 
as  it  approaches  the  edges,  and  then  c^otirelj  vanishes.  This  fact 
proves  that  the  present  basin-shaped  position  of  the  strata  was  their 
origmal  one )  and  that  the  basin,  at  the  period  when  the  coal  strata 
were  farmed,  was  a  detached  lake  or  marsh,  and  not  part  of  the  bed 
of  the  sea. 

It  has  been  supposed  that  coal  strata  were  deposited  on  the  bed  of 
the  ocean ;  bat  this  is  not  probable,  for  the  vegetable  remains,  so  abund- 
ant in  the  coal  strata,  belong  to  families  of  terrestrial  or  narsh  phint% 
bnOf  gigantic  equisetums  (horsetail),  with  jointed  and  striated  stems 
like  reeds,  hence  called  calamites,  and  Ijcopodia  allied  to  fehis  i 
these  compose  the  greater  part  of  the  fossil  plants  accompanying 
ooaL  In  some  instances,  the  coal  is  decidedly  formed  of  such 
plants ;  and,  from  the  plants  being,  sometimes  found  erect,  we  may 
mier  that  they  grew  near  the  place  where  they  occur.  There  is  a 
stratum  of  indurated  shale  and  imperfect  ironstone  tq  the  Yorkshire 
and  Derbyshire  coal-fields,  called^  muscle-bind ;  it  is  filled  with  shells  t 
they  resemble  freshwater  muscles ;  and  though  there  may  be  shelb 
closely  allied  to  them  in  form,  in  some  of  the,  marine  limestones,  it 
deserves  notice,  .that  the  substance  of  tbe  shells  in  the  coal  shale,  at 
least  wherever  I  have  seen  them  in  the  Northern  coal-fields,  has  that 
cretaceous  or  chalky  appearance  and  consistence,  which  I  have  ob- 
served to  be  peculiar  to  shells  in  what  are  regarded  as  undoubted 
fireshwater  formations. 

if  the  basins  in  which  tbe  coal  strata  are  deposited  were  originally 
freshwater  lakes  or  marshes,  did  aiiy  of  the  plants  whose  remains 
compose  coal  grow  where  the  coal  is  now  found  ?  or,  were  they 
carmd  by  rivers  or  inundations  into  the  lakes,  and  gradually  depos^ 
ited  as  the  water  evaporated  ?  The  former  is  pei^baps  the  most  prob- 
able hypothesis;  and  the  occurrence  of  the  same  peculiar  kind  of 
fire  clay  under  each  bed  of  coal,  favors  the  opinion,  mat  this  was  the 
soil  proper  for  the  production  of  those  plants  from'  which  coal  has 
been  formed.  If  we  suppose  that  these  lakes  were  periodkally  laid 
dry,  and  again  filled  by  sudden  inundations,  we  shaJl  have  the  con- 
ditions required  for  the  succession  of  carbonaceous  and  earthy  sMta 
that  take  place  id  a  coal-field :  a  repetition  of  such  mundatiotts  would 
fill  up  the  lake  or  basin.  Nor  can  such  a  supposition  appear  im- 
probable ;  for,  as  the  species  of  vegetables  in  the  coal  strata  are 
analogous  to  what  at  present  grow  in  tropical  climates,  we  may  infer 
that  they  were  subjected  to  such  atmospheric  influences  as  promote 
the  rapid  growth  and  decay  of  vegetation  in  hot  countries,  accom- 
panied with  great  periodical  inundations. 

15 


114  FORMATION  OF   COAL. 

The  terrestrial  and  marsh  plants  that  acoompaDy  coal,  and  of 
which  it  was  probably  formed,  might  flourish  betWeeD  these  succes- 
sive inundations,  their  growth  being  sufliciendy  rapid  to  form  a  thick 
bed  of  vegetable  matter  in  a  short  period ;  for,  as  they  had  not  the 
ligneous  structure  of  wood,  their  decomposition  by  vegetable  fermen- 
tation might,  speedily  be  effected.  Should  it  be  objected,  that  some 
of  the  coal  beds  are  from  nine  to  thirty  feet  in  thickness,  and  that  a 
mass  of  vegetable  matter,  sufficient  to  form  such  beds,  could  not  be 
collected  in  one  season,  it  is  sufficient  to  reply,  that  we  know  not  the 
duration  of  the  periods  during  which  vegetation  might  proceed  with- 
out interruption ;  and  it  deserves  particular  notice,  in  relation  to  this 
subject,  that  all  thick  beds  of  coal  are  divided  into  several  minor 
strata,  and  -have  frequently  thin  strata  of  shale,  clay,  or  sandstone 
between  them,  but  they  are  called  by  the  miners  one  bed,  as  the  coal 
can  be  all  got  at  the  same  level.  The  Staflbrdshire  coal '  stratum, 
which  is  thirty  feet  thick,  is  divided  into  thirteen  minor  strata  by 
seams  of  clay,  &;c. ;  and  the  thirteen  feet  bed  of  coal  at  Ashby 
Wolds,  is  composed  of  several  seams  of  different  qualities. 

Vefy  thin  seams  of  coal  sometimes  alternate  with  the  shale  lying 
between  tw6  large  beds  of  coal.  I  have  on  the  table  before  me,  a 
mass  from  the  Dudley  coal-field,  in  which  part  of  two  beds  of  coal 
are  separated  by  a  stratum  of  indurated  clay  or  shale,  about  two 
inches  in  thickness ;  this  stratum  of  shale  contains  more  than  twenty 
seams  of  coal,  none  of  which  exceed  the  thickness  of  a  wafer,  but 
they  are  distinctly  separated  from  each  .other  by  seams  of  shale. 
Tliese  thin  seams  of  coal  and  shale,  were  probably  formed  by  alter- 
nate depositions  of  leaves  or  minute  aquatic  plants,  and  of  earthy 
.particles  forming  layers  of  clay  or  sand.  These  afe  circumstances 
which  appear  to  me  to  prove,  that  the  formation  of  the  coal  strata 
was  effected  more  rapidly  than  those  geologists,  have  hitherto  beea 
willing  to  admit,  who  have  "only  examined  coal  mines,  seated  in  an 
easy  chau-  in  their  studies.  I  will  first  advert  to  the  state  in  which 
fossil  vegetables  are  found  in  coal  mines,  and  shall  give  a  section  of 
a  coal  mine,  which  I  exanoined  in  1811,  belonging  to  the  late  Mar- 
quis of  Hastings.  It  is  remarkable  for  the  frequent  repetition  of  the 
same  series  of  strata,  of  precisely  the  same  quality  and  thickness  ; 
proving  a'  periodical  recurrence  of  the  conditions  under  which  th^ 
were  formed. 

Vertical  stems  not  unfrequently  occur  in  coal-fields ;  but,  from 
the  mode  of  working  or  sinking  for  coal,  it  is  seldom  that  they  can 
be  seen  in  that  position.  Where  a  stone  quarry  is  open  to-day  ia 
coal  strata,  and  uncovers  a  considerable  face  of  rock,  there  we  may 
sometimes  meet  with  fossil  plants  in  their  original  position.  In  1619, 
I  had  an  opportunity  of  examining  Burntwood  quarry,  at  Altbouse, 
near  Wakefield,  in  Yorkshire,  at  which  time  there  were  numerous 
vertical  stems  in  strata  of  sandstone.  One  stem  which  I  measured 
m  the  quarry  was  nine  feet  in  length,  and  ten  inches  in  diameier  ; 
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but,  what  is  remarkable,  this  stem  passed  through  three  strata  of 
saodstone,   parted  by  regular  strata  seams.    It  had,  therefore,  evi- 
deotly  grown  io  the  situation  where  it  stood ;  for  it  is  difficult  to  be- 
lieve that  any  vegetable  stem  could  pierce  through  three  strata  of 
sandstone,  the  lower  of  which  at  least  must  have  been  partly  con- 
sotidated.     When  we  consider  that  these  were  the  stems  of  hdlgw 
tubular  plants,  equisetums,  without  any  woody  support,  it  is*  impossi- 
ble to  believe,  that  they  could  have  remained  erect  in  a  warm  tem- 
perature, even  for  a  very  limited  time,  without  speedy  destruction 
or  decomposition.     We  are  therefore  certain,  that  they  were  speed- 
ily encased  b  the  strata  that  now  surround  them,  or,  in  other  words, 
that  three  strata  of  sandstone  nine  feet  in  thickness  were  rapidly  de- 
posited. 

Tbe  coal  mines  at  St*  Etienne,  in  France,  present  similar  appear- 
ances; the  vertical  stems  are  numerous,  and  ten  or  twelve  feet  in 
length.  From  a  drawing  and  description  of  them  given  me  by  M.. 
Al^andre  Brongniart,  it  appears,  that  they  were  large  equisetums, 
aod  the  hollow  tuf>e  is  filled  with -sandstone.  The  circumstances,  and 
ibe  inferences  from  them,  agree  with  those  before  stated  of  Burnt- 
wood  quarry. 

In  the  section  of  the  Ashby-de-la-Zouch  coal,  given  below,  it  will 
be  seen,  that  there  are  no  less  than  sixteen  strata  of  blue-bind,,  ex- 
actly of  the  same  thickness-,  and  alternating  with  sixteen  strata  of 
ironstone,  of  which  the  six  upper  are  only  one  inch  in  thickness,  and 
the  lower  two  inches.  If  we  should  suppose  each  stratum  of  bind 
and  ironstone  to  have  been  deposited  in  different  parts  of  one  vear, 
we  should  have  a  speedy  formation  of  these  thin  beds.  We  know 
nothing,  however,  certain,  respecting  the  formation  of  ironstone ;  but 
it  appears  to  have  been  deposited  in  fresh  water,  as  it  occurs  in  fresh 
water  strata  in  the  regular  coal  formatk>n,  and  in  the  coal  sUrata  of 
the  oolites  in  Yorkshire,  and  among  the  clay  and  sandstone  strata,  in 
the  wealds  of  Kent.  Few  geologists  have  attempted  to  explain  the 
formation  of  ironstone.  It  may  have  been  a  deposition  from  cha- 
lybeate waters,  or  was,  perhaps,  the  produce  of  decomposed  vegeta- 
UOD,  as  bog  or  peat  iron  is  supposed  to  have  been. 

Some  geologists  are  of  opinion,  that  coal  was  formed  from  peat ; 
but  the  fossil  vegetables  b  coal  strata,  and  in  the  coal  itself,  are  not 
what  compose  the  peat  of  the  present  day.  However,  if  northern 
latitudes  had  the  temperature  of  tropical  climates  during  the  geolo- 
gical epoch  when  the  vegetables  flourished  that  are  found  in  the 
coal  strata,  the  peat  of  that  period  would  partake  of  a  different  char- 
acter from  recent  peat  beds,  and  might  be  produced  by  the  rapid 
decomposition  of  the  large  terrestrial  and  marsh  plants,  before  re- 
ferred to.  A  bed  of  modern  peat,  seven  feet  in  thickness,  is  said 
to  have  been  formed  in  thirty  years ;  but  the  primitive  vegetation  of 
the  world,  flourishing  and  decaying  under  a  high  degree  of  temper- 
ature, and  a  moist  atmosphere,  might  forn;i  thick  beds  of  peat  in  a 
much  shorter  period. 
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It  is  traly  desemag  of  atteiftioD,  diat  the  vegetable  foasOs  fodnd 
in  distant  parts  of  the  world,  and  under  verj  different  latitadea^  are 
nearly  identical  with  those  in  European  coal-fields.  The  plants  in 
(he  cod-fields  of  North  America,  and  even  the  specimens  from 
Greenland,  are  analogous  to  those  in  the  English  coalfields ;  and 
the  few  specimens  that  have  been  obtained  from  the  tropical  regbna 
in  America,  froQi  New  HoUand,  and  from  India,  belong  to  the  same 
families  as  those  which  we  find  in  the  coal  strata  of  Europe.  Now^ 
if  we  admit  these  distant  beds  of  coal  to  be  of  contemporaneous 
formation,  we  must  admit  also,  that  the  temperautre  of  the  whole 
globe  was,  at  that  epoch,  nearly  the  same,  in  very  different  latitudes  | 
or  were  we  to  suppose  that  these  coal-fields  were  formed  in  difierent 
epochs,  we  must  still  grant,  that  northern  latitudes  have  once  enjoyed 
the  same  temperature,  as  countries  now  do  under  the  equator. 

Before  concluding  these  observations,  I  may  be  permitted  to  re- 
mark, that,  however  ancient  the  formation  of  coal  and^  ironstone 
may  have  been,  the  frequent  occurrence  bf  these  minerals  together^ 
both  destined  in  future  time  to  give  to  man  an  extensive  empire  over 
the  elements,  and  to  contribute  largely  to  his  means  of  civifization 
and  comfort,  cannot  fail  to  impress  the  reflecting  mind  with  evidence 
of  prospective  designing  intelligence.^ 


♦  I  here  subjoin  a  section  of  the  Ashby-de-la-Zoiich  coal-field ;  if  ever  we  arrive 
at  Inst  conclusions -respecting  the  origin  of  coal  and  ironstone,  it  must  be  by  an  ac- 
cantte  examination  of  the  strata  in  which  they  occtu*,  and  the  relation  of  th^ — 
Btrata  to  each  other;  an  investigation  hitherto  much  neglected  by  geologists. 
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The  aggregate  depth  oTtfae  Ashb)r-de-la*Zoacb  coal-field  exceeds 

two  hundred  and  nreaty  yards  in  this  part  of  the  coal-field,  though, 

fiom  the  basiD-sbaped  form  of  the  beds,  the  lowest,  or  itiaiD  coal, 

rises  ID  die  surfiice  at  about  three  mile^  distance  from  this  pit*    la 

dM  series  we  find  about  one  hundred  and  thirty  disdnct  strata,  com«- 

prang  ten  beds  of  coal,  of  which  eight,  at  least,  wouM  lie  coosider*- 

ed  workable  in  some  countries,  and  about  twenty  eight  seams  of 

ironstone,  and  strata  containing  ironstone.    The  lowest,  or  great  coal 

bed,  oomms  coal  of  dUbrent  qualities,  divided  by  small  partmgs  of 

day.    Kear  the  middle  of  the  great  bed,  there  is  a.  stratum  of  coal 

so  bard  as  to  form  a  firm  roof,  which  enables  the  miners  to  work  out 

the  lower  coal  widi  great  advantage :  this  lower  coal  is  about  six  feet 

in  ihicknesB*     A  bed  of  coal  of  this  thickness,  with  a  stuoog  sound 

wster-tigfat  roof,  can  be  worked  with  greater  ease  and  less  expense 

thaa  any  odier,  as  the  men  can  stand  upright,  and  much  less  umber 

is  required  to  sopport  the  roof  or  walls,  than  in  very  deep  coal  beds^ 

like  the  main  StaiffiNrdshire  ooal.    When  the  k>wer  coalr  is  iforked 
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out,  the  props  or  supports  of  the  roof  will  be  removed,  the  whole 
upper  strata  will  then  sink  down,  and  the  upper  coal  may  be  safely 
worked.  There  is  scarcely  any  water  in  this  mine,  and  what  is  found 
(here,  is  a  salt  brine,  containing  common  salt  nearly  pure :  it  issues 
from  the  fissures,  in  the  coal  with  a  hissing  noise,  being  accompanied 
•with  carburetted  hydrogen,  (fire-damp.)  AH  the  beds  of  coal  rest 
upon  what  is  called  bind,  which  is  an  argillaceous  shale,  more  or  less 
indurated,  sometimes  coloured  black  by  bitumen,  and  sometimes  in- 
termixed with  sand  resembling  sandstone,  but  generally,  on  exposure 
to  the  atmosphere,  decomposing  into  a  clayey  soil,  like  the  blue  and 
black  binds. 

It  $eems  extremely  probable  that  these  beds,  called  bind,  which 
lie  immediately  under  the  coal,  were  once  the  soil  on  which  flourish- 
ed the  different  vegetables,  that  form  coal.  When  I  examined  the 
mme,  in  181 1>  the  vegetable  remains  appeared  to  me  the  sanoe  as 
those  found  in  other  coal-fields ;  but  at  that  time  they. did  not  attract 
iny  attemion,  except  one  which  is  a  nearly  globular  mass,  qonaposed 
01  a  series  of  cones  within  each  oth^r,  and  diverging  from  a  common 
cenU'e.  These  have  been  called  "  cone  within  cone''  by  the  miners, 
but  their  nature  is  not  well  understood.  Adolphe  Brongntart,  in 
bis  excellent  work  on  vegetable  fo$sils  supposes  they  may  be  the  seed 
vessels  of  a  gigantic  species  of  lycopodium. 

The  recurrence  of  frequent  alternations  of  seams  of  ironstone  with 
thin  beds  of  blue  bind,  each  alternation  preserving  the  same  thickness, 
is  a  circumstance  well  deserving  attention,  as  it  indicates  a  periodical 
succession  of  causes,  probably  dependent  on  the  seasons. 

There  are  a  few  beds  called  rtii/y,  or  rtimt'Uy,  by  the  miners ;  they 
consist  of  loose  materials  and  fragments,  which  mdicate  that  they 
were  deposited  during  an  agitated  state  of  the  water.  Many  of  the 
other  beds  have  evidently  been  deposited  by  tranquil  water  in  a  lake, 
which  occasionally  became  dry  land.  I  have  dwelt  longer  on  this 
subject,  than  is  perhaps  con^ist^nt  with  an  introductory  work,  but  I 
w|is  desirous  to  direct  the  attention  of  geologists  to  an  enquiry  which 
has  hitherto  been  disregarded. 

The  conversion  of  vegetable  matter  into  true  mineral  coal  has  been 
admirably  elucidated  by  the  experiments  of  Dr.  MaccuUoch  on  wood 
in  different  states  of  bituminization,  from  submerged  wood  to  peat, 
brown  coal,  surturbrand,  and  lastly  to  jet,  in  which  the  traces  of  or- 
ganization are  nearly  destroyed.  These  substances,  which  have  been 
subjected  to  the  action  of  water  only,  all  yield  bitumen  by  gentle  dis- 
tillation ;  but  they  differ  from  mineral  coal,  by  peldmg  also  a  large 
portion  of  acetic  acid,  which  marks  the  remains  of  undecayed  vege- 
table substances.  Common  coal  was  formerly  regarded,  as  a  com- 
bination of  charcoal  with  bitumen ;  but,  as  bitumen  is  itself  a  com- 
bination of  carbon  with  hydrogen.  Dr.  MaccuUoch  says,  it  will  be 
more  proper  to  consider  coal  as  a  bitumen,  varying  in  its  compo- 
sition from  the  fattest  Newcastle  coal  to  the  driest  Kilkenny  coal. 
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lad  owiog  its  compactness  to  the  peculiar  circumstances  ivider  which 
it  has  been  formed,  the  changes  it  may  have  subsequently  undergone, 
and  the  substances  intermixed  with  it.  The  power  of  yielding  naph- 
tha by  distillation,  is  the  distinction  between  one  end  of  the  series 
and  the  other.  The  last  link  (anthracite)  contains  only  carbon ;  so 
the  last  result  of  the  distillation  of  asphahum  is  also  carbon.' 

To  convert  wood*coal  or  jet  into  true  coal,  spme  further  process 
than  long  submersion  in  water  seems  necessary. .  The  latter  sub- 
stance, jet,  was  reduced  to  powder  by  Dr.  M^,  put  into  a  gun-barrel, 
and  covered  with  Stqurbridge  clay ;  it  was.  then  exposed  to  a  mode- 
rate red  heat  By  this  process,  it  was  converted  into  a  substance 
having  all  the  external  characters  and  chemical  properties  of  true 
mineral  coal,  and  the  clay  was  converted  into  coal  shale.  But'though, 
in  die  laboratory  of  the  chemist,  the  last  stage  of  the  formation  of 
coal  requires  artificial  fire,  yet  in  the  great  laboratory  of  Nature,  ve- 
getable fermentation  and  compression  may  evolve  sufiicient'heat,  for 
die.  ultimate  formation  of  mineral  coal.  It  may  however  deserve 
nouce,  that  most  great  repositories  of  coal  are  intersected  by  beds 
and  dykes  of  basalt,  which  is  now  admitted  to  be  of  igneous  origin.* 

Pressure  and  time  may  be  alone  sufficient  to  produce  the  destruCf 
tion  of  vegetable  organization,  and  the  perfect  consolidation  of  beds 
of  coal,  as  is  proved  by  the  complete  consolidation  of  loose  materiab 
left  in  coal  mines,  when  the  supports  are  removed,  and  the  upper 
strata  sink  down.  In  a  few  years,  scarcely  a  trace  of  former  ope- 
rations remains.  In  contemplating  natural  causes,  we  are  too  apt  to 
measure  their  power  by.  the  results  of  artificial  processes,  and  by  ob- 
servacions  continued  for  a  short  portion  of  human  life.  The  substan- 
ces found  in  the  neglected  vessels  of  the  chemist,  oftei\  prove  to  us 
that  changes  in  the  physical  properties  of  bodies  are  effected  by  time, 
wiueh  it  would  be  difficult  to  imitate  in  common  experiments. 

The  great  regular  coal  formation  appears  to  be  confined  to  the 
lower  secondary  strata,  generally  resting  on  transition  limestone.  In 
some  situations  the  under  transition  rocks  are  wanting,  and  the  series 
of  coal  stirata  rests  on  granite,  with  the  intervention  of  a  thick  bed  of 
conglamerate. 

No  mineral  coal,  both  good  in  quality  and  abundant  in  quantity,  has 
ever  been  found  either  in  the  primary  or  in  the  lower  transition  rocks 
or  in  the  upper  secondary  or  the  tertiary  strata.  It  is  true,  that  in 
the  oolite  of  the  upper  secondary  strata,  two  series  of  coal-strata  oc- 
cur on  the  eastern  moorlands  of  Yorkshire,  which  are  thought  of 
sufficient  importance  to  be  worked ;  but  the  coal  is  very  indifferent, 
and  is  used  chiefly  by  the  lime  burners.    This  coal  formation  will  be 


*  At  Meisner,  in  Hesse,  a  thick  bed  of  wood-coal  or  lignite  is  oorered  by  an 
enormous  mass  of  basalt,  and  is  separated  from  it  only  by  a  thin  bed  of  clay. 
The  upper  parts  of  the  lignite  are  converted  into  anthracite,  and  even  into  tme 
bituminous  coal,  while  the  lower  parts  are  formed  of  earthy  and  fibrous  wood-coaA. 
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noticed  in  a  subsequent  chapter.  The  Kimmeridge  clay  m  die  oolites 
also  contains  beds  of  shale  impregnated  widi  bitumen,  which  is  used 
as  fuel  in  a  country  ^here  coal  is  extremely  dear. 

The  wood-coal  of  Bovey  Heathfield  has  been  already  nobced. 
I  may  state  in  addition  *that  I  visited  the  mine  in  1815 :  it  u  worked 
like  an  open  quarry ;  it  had  boen  for  some  years  previously  under 
water,  but  was  then  laid  dry  by  pumps.  There  are  several  insu- 
lar beds  of  lignite  or  wood  coal  alternating  with  what  is  called  dead 
coal,  which  is  less'  inflammable,  and  resembles  a  bituminous  ah^Ie ; 
the  beds  wedge  out  narrow  as  they  descend.  The  wixde  massia 
more  or  less  bitliminized ;  but  the  upper  part,  \yhkh  preserves  the 
woody  structure  more  perfectly,  seems  to  be  composed  principally  of 
clay.  Sulphate  and  carbonate  of  iron  occur  m  some  part  of  the 
beds,  and  rounded  pieces  of  maltha.  Wood-coal  occurs  chiefly  in 
diluvial  deposits.  Where  wood-coal  is  covered  with  basalt,  it  is  con- 
verted into  a  substance  nearly  resembling  mineral  ooaL  *  This  coal 
occurs  in  Iceland,  in  the  norUi  of  Ireland,  and  in  many  baaahiG  dis- 
tricts on  the  Continent. 

Before  concluding  this  brief  account  of  imperfect  coal  formationSy 
out  of  the  limits  of  the  regular  coal  formation,  I  would  direct  the 
attention  of  geologists  to  two  situations,  in  which  coal  is  found,  that 
are  well  deserving  of  notice.  The  first  is  the  mine  of  Entreveines, 
situated  in  a  mountain  valley  about  2000  feet  above  the  lake  of  An- 
necy,  and  at  least  3500  feet  above  the  level  of.  the  sea.  The  bed  of 
coal  consists  of  three  minor  beds,  separated  by  thin  seams  of  clav 
varying  in  thickness,  yielding  about  lour  feet  of  good  coal,  whidi 
has  the  character  and  fracture  of  mineral  coal  y  it  is  shining,  does  not 
soil  the  fingers,  and  is  highly  bituminous,  being  used  exclusively  for 
the  gas  lights  in  the  cotton  mills  at  Annecr*  The  total  thickness  of 
the  sandstone,  shale,*  and  coal  strata,  which  compose  the  ceal  forma- 
tion in  this  place,  is  about  one  hundred  and^fif^  yards ;  they  are  pla- 
ced between  thick  beds  of  limestone,  and  dip  together  at  an  angle  of 
about  seventy  degrees.^  It  is  worthy  of  observation,  that  the  lime- 
stone beds  above  and  beloW  the  coal  formation,  have  the  hardness, 
fracture,  translucency,  and  appearance  of  the  transition  limestone  at 
Plymouth ;  yet  in  another  part  of  the  mountain,  the  same  limestone 
is  associated  with  a  bed  of  dark  clay,  in  which  I  found  grypbites,  and 
belernnites,  clearly  indicating  that  tba  bed  was  analogous  to  our  lias 
or  clunch  clay ;  and  that  the  limestone  associated  with  it,  notwith- 
standing its  mineral  character,  belonged  to  the  upper  seoondaiy  stra- 
ta ;  and  hence  that  the  coal,  in  geological  position,  agreed  with  the 
imperfect  coal  formations  in  the  English  oolites.  Here,  then,  we 
have  a  further  proof  of  what  has  before  been  stated,  that  in  the  cal- 


•  A  particular  description  of  this  sin^ar  coal  mine,  with  a  cut,  illostrating 
the  position  of  the  beds,  is  given  in  Vol.1,  of  my  *  Travels  in  the  Tarcntaise,'&c. 
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tafeous  formttioifs  of  the  Alps,  the  upper  secondary  strata  lose  the 
soft  and  earthy  character  which  distinguish  the  oolites  and  chalk  ia 
England,  and  are  converted  into  marble*  The  coal  also,  which  ia 
very  imperfectly  formed  in  the  English  oolite^  has,  in  the  -same  lime* 
atone  formation  in  the  Alps,  the  character  of  true  mineral  coal. 

A  still  more  remarkable  coal  formation  occurs  at  Alpnach,  near  the 
lake  of  Lucerne  in  Switzerland,  where  a  bed  of  coal  is  found  at  the 
depth  of  two  hundred  and  eighty  feet,  from  the  surface.  Over  the 
eoai,  there  is  a  stratum  of  bituminous  limestone  containing  fluviatiie 
AeBs,  and  bones  and  teeth  of  the  large  mammalia,  particular^  the 
teeth  of  a  species  of  mastodon.  The  specimens  which  were  shown 
me  by  Phifessor  Meissner  of  Berne,  on  my  return  from  the  Swiss 
Alps,  made  me  regret  exceedingly  not  having  visited  Alpnach. 
Notwithstanding  the  occurrence  of  the  bones  of  large  land  quadru- 
peds in  the  stratum  over  the  co'al,  the  coal  approaches  in  character 
nearly  to  mineral  coal,  and  the  strata  of  micaceous  sandstone  and 
shale  above  it,  have  a  close  resemblance  to  those  in  our  English 
coal-fields.  Though,  from  the  Organic  remains,  we  are  compelled 
to  place  the  coal  of  Alpnach  among  the  tertiary  strata,  or  to  admit 
the  occurrence  of  an  anomabus  formation  like  the  one  at  Stonesfield, 
still  I  believe  the  true  geological  position  of  the  coal  of  Alpnach  is 
problematical ;  and  it  deserves  the  particular  attention  of  some  Eng* 
mh  geologist,  well  acquainted  with  the  different  coalfields  in  his  own 
country,  and  the  lignite  formations  in  various  parts  of  Europe. 

It  wiU  be  seen  by  a  reference  to  the  Geological  Map  and  the 
Chapter  eontaitoing  an  Outline  of  the  Geology  of  England,  that  there 
is  a  considerable  part  of  South  Britain  where  coal  has  not  been 
found.  Two  imporunt  questions  may  be  asked  ;---Do  the  coal  stra- 
ta extend  under  the  parts  where  coal  has  not  yet  been  discovered  i 
And  if  they  do  extend. beyond  their  present  known  limits,— -what 
pracucable  means  can  be  employed  to  obtain  the  coal  ?  With  respect 
to  die  first  question — it  is  well  ascertained  by  boring,  that  the  coal 
strata  do,  in  aouie  places,  extend  under  the  magnesian  limestone,  by 
which  they  are  in  some  of  the  northern  counties  immediately  cover- 
ed, though  it  was  forjnerly  supposed  that  the  coal  ternHnated  before 
it  reached  die  magnesian  limestone,  or  was  there  cut  off.  by  a  fault. 
In  a  considerable  part  of  England,  the  coal-fields  are  immediately 
covered  by  what  is  called  the  red  marie  or  new  red  sandstone;  btk 
there  are  but  few  situations  where  the  red  marie  and  sandstone  have 
been  sunk  through  for  coal.  I  am,  however,  decidedly  bf  opinion, 
that  imder  the  red  marie  adjacent  to  the  coal  districts  in  my  native 
coonty,  Nottinghamshire,  the  regular  coal  strata  will  be  found ;  and 
that  there  is  a  high  degree  of  probability  that  rock  salt  or  brine 
springs  will  be  found  in  the  red  marie  itself,  particularly  in  those  parts 
of  the  county  where  beds  of  massive  gypsum  occur.  The  same  re- 
mark might  be  extended  to  the  red  marie  and  sandstone  districts  ad- 

16 
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joioing  coal  strata  in  Derbyd)ire,  Leicesten^e  and  Wfirwickdtare.^ 
In  confirmation  of  the  opinion  here  advanced,  a  saKne  spring,  ba» 
rery  recently  been  discovered,  about  four  miles  north  west  of  Not* 
tingharo ;  and  coal  has  been  lately  found  under  the  red  marie  and 
sandstone  on  the  south  sicle  of  Cfaarnwood  Forest,  where  it  had  not 
before  been  suspected  to  exist.  It  may,  however  be  proper  to  say,. 
that  no  search  of  this  kind  by  boring  should  be  undertaken  by  any 
one,  to  whom  the  expense,  in  case  of  failure,  would  be  a  serious  in- 
convenience. 

The  dip. and.  direction  of  the  strata  in  the  coal-fields  nearest  to  the 
estate  where  the  search:  is  to  be  made,  should  be  well  known.  If 
the  strata  dip  towards  the  estate,  it  is  probable  the  coal  may  extend 
under  it.:  if  they  dip  from  it,  the  search  should  not  be  dndertaken. 
To  make  this  intelligible,  see  Plate  III.  fig.  3.  a.  a.  a.  are  a  series 
of  coal  strata,  or,  as  they  are  provincially  called,  coal  measures,  dip^ 
ping  toward  the  side  b.  c.  c.  c*  are  stratd  of  red  marte  or  sandstone, 
lyipg  unconformably  over  the  coal  strata.  Now,  according  to  this 
arrangement,. a  search  for  coal  might  be  successful,  though  the  bed 
might  be  at  too  great  a  depth  to  be  worked.  Whereas,  on  &n  estate 
at  D,  as  the  coal  strata  dip  from  it,  were  we  to  bore  to  the  center  of 
the  earthy  w(^  could  never  find  the  beds  1. 2.  3.  4.  If  the  estate  b 
18  situated  a  considerable  distance  from  a  known  coal-field,  the  strata 
of  coal  may  bend  as  represented  Plate  IV.  fig,  2.  and  crop  out  at  a, 
before  they  reach  the  station  ^,  where  the  trial  is  made ;  and  if  the 
outcrop  be  covered  by  the.  red  sandstone,  this  cannot  be  known  but 
by  trial. 

Rock  salt  or  brine  springs  are  most  likely  to  be  found  by  boring 
in  the  vicinity  of  massive  gypsum,  without  regarding  tbe  stratifica- 
tbn.  As  for  the  districts  where  the  upper  secondary  strata  of  lias, 
oolite,  and  cbalk  occur,  all  search  for  the  regular  coal  strata  must 
there  be  fruitless ;  as  the  vast  thickness  of  these  calcareous  forma* 
tions  precludes  the  hope  of  success. 

Coal  mines,  it  is  well  known,  are  subject  to  fatal  explosions  of  what 
u  called  the  fir^damp,.or  carburetted  hydrogen  gas.  This  gas  ap- 
pears to  be  generated  by  the  decomposition  of  iron  pyrites  in  coal, 
and  may  often  be  heard  issuing  from  the  fissures  in  coal-beds  with  a 
bubbling  noise,  as  it  forces  the  water  out  along  with  it.  The  choke- 
damp,  as  it  is  ealied,  is  either  ca^nic  acid  gas,  (fixed  air,)  or  the 
unrespirable  residue  of  air  left  after  explosions,  when  all  die  oxygen 
is  consumed.     (See  Appendix.) 

The  regular  or  great  coal  formation  has  nevef  been  discovered  at 
a  ver^  considerable  elevation  above  the  level  of  the  sea :  it  is  gener- 
ally iound  towards  the  feet  of  great  mountain  chains,  or  in  the  val- 
leys near  to  lofty  mountain  ranges.    The  geology  of  large  portions 


*  Since  the  third  edition  of  this  work  was  published,  coal  has  been  foand  imder 
the  red  marie  and  sandstone  near  Manchester. 
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of  tbe  globe  is  still  unknown ;  but  it  appears  from  those  parts  with 
which  we  are  acquainted,  that  coal  is  found  principally  in  temperate 
regions,  between  thirty  five  and  sixty  five  degrees  of  latitude.    In 
Europe, — Great  Britain,  France,  Flanders,  and  Germany,  (particu- 
larly Silesia,  Saxony,  Bohemia,  and  Thuringia,)  contain  large  coal 
lormatioDs ;  but  in  the  southern  and  ttiore  northern  parts  of  Europe, 
coal  is  of  rare  occurrence.     In  North  America,  coal  is  fjpibnd  in  great 
abandance  on  the  western  side  of  the  Alleghany  mountains;  it  has 
also  been  discovered  in  Pennsylvania,  extending  westward  towards 
Pittsburgh,  over  a  space  of  three,  hundred  miles.     Coal  occurs  also 
near  Richmond^  in,  Virginia,  and  in  Missouri.     American  coal*  is 
said  to  be  found  in  quartz  rock,  which  I  apprehend  to  be  merely 
siliceous  grit,  ^composed  of  nearly  pure  granular  silex,  sucb  as 
abounds  in  the  lower  part  of  the  Yorkshire  coal-fields.    Tbe  coal, 
in  a  great  part  of  the  United  States,  c6ntains  little  bitumen,  and 
hence  is  called  anthracite :  it  is  not,  however,  the  true  anthracite  of 
minerakgists,  but  far  more  valuable  for  fuel.    The  discovery  of  this 
immense  repository  of  coal,  accompanied  with  ironstone,  roust  prove 
of  the  highest  importance  to  a  nation  so  industribus,  intelligent,  and 
enterprising,  as  the  inhabitants  of  the  United  States.     In  the  vicinity 
of  Pittsburgh,  I  am  informed,  that  the  strata  of  c6al  are  nearly  hori- 
zontal, and  that  in  one  situation,  the  same  stratum  of  coal  forms  the 
bed  of  a  river  for  several  miles.    Coal  has  been  discovered  in  New 
Holland.    The  only  great  coal  formations  in  Asia  that  we\know  of, 
are  ki  China,  where  coal  is  described  as  existing  in  large  quaniitiefl^ 
and  Ba  being  extensively  used  for  fuel  in  that  vast  empire. 

As  France  will  probably  continue  to  be,  for  many  centuries,  our 
great  manufacturing*  rival,  it  is  interesting  to  know  what  are  her  re* 
sources,  for  the  supply  of  an  article  found  so  essential  to  almost  all 
tbe  principal  manufactures  of  Great  Britain.  Before  the  late  peace, 
forty  seven  of  the  departments  contained  coal  districts,  and  the  annual 
consuinption  was  stated  to  be  about  five  millions  of  tons ;  but  a  great 
part  of  the  rich  and  extensive  coal-field  extending  (rom  Valenciennes 
lo  Aix-la-Cbapelle,  is  comprised  in  that  part  of  Flanders,  jvbich  was 
separated  firom  France  at  the  peace.  There  are,  however,  extensive 
€oal  districts  in  tbe  nortb-eaMern,  the  Western,  the  middle,  and  the 
soQtberD  parts  of  France.  Two  miles  from  Lyons  there  are  coal 
mines;  the  coal  of  St.  Etienne  and  the  ironstone  beds  stccondpanying 
it,  about  twenty  miles  north-west  of  Lyons,  are  of  the  very  best  qual- 
ity. In  the  year  1822,  when  I  passed  through  that  country,  many 
English  workmen  were  employed  in  the  iron-works,  which  were  rap- 
idly increasing.  It  cannot  be  doubted,  that,  from  its  soilj  its  climate, 
and  its  mineral  resources,  France  possesses  every  advlintage  which  a 
great  manufaoturing  nation  can  require. 


*  fvt  an  accoaftt  of  Anerican  coal,  the  reader  is  referred  to  the  coDc\tm(m  of 
this  TDlnmei  where  will  be  found  more  full  and  precise  statements. 
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cTbsxryations  on  the  period  when  the  coal  mines  in 
'  england  will  be  exhau8tkd. 

Coal  was  known,  and  partially  used,  at  a  very  early  period  of  oor 
history.  I  was  informed  by  the  late  Marquis  of  Hastings,  (hat  stone 
hammers  and  stone  tools  were  found  in  some  of  the  old  workings  in 
his  mines  at  Ashby  Wolds ;  and  his  lordship  informed  me  also,  that 
similar  stone  tools  had  been  discovered  in  the  old  workings  in  the  coal 
mines  in  the  north  of  Ireland.  Hence  we  may  infer,  that  these  coal 
mines  were  worked  at  a  very  remote  period,  when  the  use  of  ihetallic 
tools  was  not  general.  The  burning  of  coal  was  prohibited  in  London 
in  the  year  IS^,  by  the  royal  proclamation  of  Edward  the  First  In 
the  reign  of  Queen  Elizabeth,  the  burning  of  ooal  was  again  prohifailed 
in  London  during  the  sitting  of  parliament,  lest  the .  health  of  the 
knights  of  the  shire  should  suffer  injury  during  their  abode  in  the  me- 
tropolis. In  the  year  1643.  the  use  of  coal  had  become  so  general, 
and  the  price  being  then  very  high,  many  of  the  poor  are  said  to  have 
perished  for  want, of  fuel.  At  the  present  day,  when  the  consumption 
of  coal,  in  our  irQU  furnaces  and  manufactories,  and  for  domestic  use» 
is  immense,  we  cannot  biit  regard  the  exhaustion  of  our  coal  beds  as 
involving  the  destruction  of  a  great  portion  of  our  private  comfort  and 
national  prosperity.  Nor  is  the  period  very  remote  when  the  coal 
districts,  which  at  present  supply  the  metropolis  with  fuel,  will  cease 
to  yield  any  more.  The  annual  quantity  of  coal  shipped  in  the  rivere 
Tyne  and  Wear,  according  to  Mr.  Bailey,  exceeds  three  millions  of 
tons.  A  cubic  yard  of  coal  weighs  nearly  one  ton ;  and  the  number 
of  tons  contained  in  a  bed  of  coal  one  square  mile  in  extent,  and  one 
yard  in  thickness,  is  about  four  millions.  The  number  and  extent  of 
all  the  principal  coal-beds  in  Northumberland  and  Durham  are  known; 
and  from  these  data  it  has  been  calculated,  that  the  coal  in  these  coun- 
ties  will  last  360  years.  Mr.  Bailey,  in  his  Survey  of  Durham,  states, 
that  one  third  of  the  coal  being  already  got,  the  coal  districts  will  be 
exhausted  in  200  years.  It'  is  probable  that  many  beds  of  inferior 
coal,  which  are  now  neglected,  may  in  future  be  worked ;  but  the  coo- 
sumption  of  coal  being  greatly  increased  since  Mr.  Bailey  published 
his  Survey  of  Durham,  we  may  admit  his  calculation  to  be  an  approxi- 
mation to  the  truth,  and  that  the  coal  of  Northumberland  and  Durham 
will  be  exhausted  in  a  period  not  greatly  exceeding  200  years.  Dr. 
Thomson,  in  the  Annals  o(  Philosophy,  has  calculated  that  the  coal  of 
these  districts,  at  the  present  rate  of  consumption,  will  last  1000  years; 
but  his  calculations  are  founded  on  data  manifestly  erroneous,  and  at 
a  variance  with  his  own  statejnents ;  for  he  assumes  the  annual  con- 
sumption of  eoal  to  be  only  two  million  eight  hundred  thousand  tons, 
and  the  waste  to  be  one  third  more, — making  three  million  seven  hun- 
dred thousand  tons,  equal  to  as  many  square  yards ;  whereas,  he  has 
Just  before  informed  us,  that  two  million  chaldrons  of  coal,-  of  two 
tons  and  a  quarter  each  chaldron,  are  exported,  making  four  million 
fire  hundred  thousand  tons,  beside  inland  consumption^  and  waste  in 
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tbe  working.*     According  to  Mr.  Winch,  three  n^illion  five  hundred 
tboDsand  tops  of  coal  are  consumed  annually  from'  these  districts ;  to 
which  if  we«add  )the  waste  of  small  coal  at  the  pit's  mouth,  and  the 
waste  in  the  mines,  it  will  make  the  total  yearly  destruction  of  coa], 
nearly  double  the  quantity  assigned  by  Dr.  Thomson.    Dr.  Thomson 
has  dso  greatly  overrated  the  quantity  of  the  coal  in  these  districts, 
as  he  ha»-calcuJated  the  extent  of  the  principal*  bi^ds  from  that  of  the 
lowest,  which  is  erroneous ;  for  many  of  the  principal  beds  crop  out, 
before  they  reach  the  wes^rn  termination  of  the  coal-fields.     With 
due  allowiLnee  for  these  errors,  and  for  the  quantity  of  coal'  already 
worked  out,  (which,  according  to  Mr.  Bailey,  is  about  <one  third,)  the 
1000  years  of  Dr.  Thomson  will  not  greatly  exceed  the  period  as^gu* 
ed  by  Mr.  Bailey  for  the  complete  exhaustion  of  coal  in  these  coun- 
ties, and  may  be  stated  «t  360  years. 

It  cannot  be  deemed  uninteresting  to  enquir^',  what  are  the  reposi- 
tories of  coal  that  can  supply  the  metropolis  and  the  southern  coun- 
ties, when  no  more  can  be  obtained  from  the  Tyne  and  the  Wear. 
The  only  coal-fields  of  any  extent  on  the  eastern  side  of  England, 
between  London  and  Durham,  are  those  of  Derbyshire,  and  those  in 
the  West  Riding  uf  Yorkshire.  The  Derbyshire  coal-field  is-  not  of 
sufficient  magnitude  to  supply,  for  any  long  period,  more  than  is  re- 
quired for  home  consumption,  and'  that  of  the  adjacent  counties. 
There  are  many  valuable  beds  of  coal  in  the  western  part  of  the  West 
Hiding  of  Yorkshire  which  are  yet  unwrought;  buf  Che  time  is  not 
Tery  distant  when  they  must  be  put  in  requisition,  to  supply  the  Tdst 
demand  of  that  populous  n^anufacturing .  county,  which  at  present 
consumes  nearly  aUHhe  produce  of  its  own  coal  mines.  In  the  mid- 
land counties,  Stafibrdshire  possesses  the  nearest  coal  district  to  the 
metropolis,  of  any  great  extent;. but  such  is  the  immense  daily  con- 
sumption of  coal  in  the  iron  furnaces  and  founderies,  that  it  is  gener- 
ally believed,  this  will  be  the  first  of  our  own  coal-fields  that  wiirbe 
exhausted.  The  thirty-feet  bed  of  coal  in  Dudley  coal-field  is  of  lim- 
ited extent ;  and  in  the  present  mpde  of  working  it,  more  than  two 
thirds  of  the  coal  is  wasted  and  left  in  the  mine. 

If  w^  look  to  Whitehaven  or  Lancashire,  or  to  any  of  the  nlinor 
coal-fields  in  the  west  of  England,  we  can  derive  little  hope  of  their 
being  able  to  supply  London  and  the  southern  counties  with  coal,  af- 
ter the  import  of  coal  fails  from  Northumberland  and  Durham.  We 
may  thus  anticipate  a  period  not  v^ry  remote,  when  all  the^glish 
mines  of  coal  and  ironstone  will  be  exhausted :  and  were  we  disposed 
to  indulge  in  gloomy  forebodings,  like  the  ingenious  authoress  of.  the 
*'Last  Man,"  we  might  draw  a  melancholy  picture  of  our  starving 
and  declining  population,  and  describe  some  manufacturing  patriarch. 


^  The  waste  of  coal  at  the  pit's  motttb  mar  be  stated  at  one  sixth  of  the  quantity 
sold,  aod  that  in  the  mines  at  one  third,  mr.  Holmes,  in  his  Treatise  on  Coal 
Mines,  states  the  waste  of  small  coal  at  the  pit's  mouth  to  be  one  fourth  of  the 
whole.  , 
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like  the  late  renrable  Richard  Reynolds,  trarelliDg  to  see  the  last  ex* 
piriog  English  furnace,  before  he  emigrated  to  distant  region^.*  - 

Fortunately,  however,  we  hare  in  South  Wales,  adjoining  the  Bris- 
tol Channel,  an  almost  exhaustless  supply  of  coal  and  ironstone,  wiuch 
are  yiet  nearly  unwrought.  It  has  been  stated  in  the  present  chapter, 
that  this  coal-field  extends  over  about  twelve  hundred  squai^  miles, 
and  that  there  are  twenty  three  beds  of  workable  coal,  the  total  aver- 
age thickness  of  which  is  95  feet,  and  the  quantity  contained  in  epich 
acre  is  100,000  tons,  or  136,000,000  tons  per  square  mile.  If  from 
this,  we  deduct' one  half  for  waste,  and  for  the  m^inor  extent  of  the 
upper  beds,  we  shall  have  a  clear  supply  of  coal,  equal  to  32,000,000 
tons  per  square  mile.  Now,  if  ,we  admit  that  the  £ve  millions  of  tons 
of  coal  from  the  Northumberland  and  Durham  mines  b  equi^l  to  nearly 
one  third  of  the  total  consumption  of  coal  ift  England,  each  square 
mile  of  the  Welsh  coal-field  would  yield  coal'for  two  years'  consump- 
tion ;  and  as  ther^  are  from  one  thousand  to  twelve  hundred  square 
miles  in  this  coal-field,  it  would  supply  England  with  fuel  for  two 
thousand  years,  after  all  our  English  coal  mines  are  worked  out 

A  is  true,  that  a  considerable  part  of  the  coal  in  South  Wales  is  of 
an  inferior  quality,  and  is  not  at  present  burned  for  domestic  use }  but 
in  prop<>rtion  as  coal  becomes  scarce,  improved  methods  of  burning 
it  will  assuredly  be  discovered,  t6  prevent  any  sulphurous  fumes  from 
entering  apartments,  and  also  to  eeonomize  the  consumption  of  fuel 
in  all  our  manufacturing  processes. 

N.  B.  These  observations  are  taken  from  one  of  the  author's  geo- 
logical lectures,  which  he  has  occasionally  delivered  in  some  of  the 
principal  mining  districts  in  England :  considering  the  great  national 
importance  of  our  coal  mines,  he  trusts  he  shall  be  excused  for  insert- 
ing them  in  the  present  volunoe. 


•  The  late  Rickard  Rejmolds,  Esq.  of  Bristol,  so  distm^ished  for  his  tmboniid- 
ed  beoevolenee,  was  the  original  proprietor  of  thegreat  iron^works in  Colebrobk 
Dale,  Shropshire.  .  Owing,  I  believe,  partly  to  the  exhaustion  of  the  best  workar 
ble  beds  of  coal  and  ironstone,  and  partly  to  the  superior  advantages  possessed  by 
Ijhe  iron-founders  in  South  Wales,  the  works  at  Colebrook  Dale  were  finallj  re- 
nnquisked,  a  short  time  before  the  death  of  Mr.  Reynolds.  With  a  .Datural  at- 
tachment to  the  scenes  where  he  had  passed  his  earlv  years;  and  to theparsoits  1^ 
which  he  had  honorably  acquired  his  great  wealth,  ne  travelled  from  Bristol  into 
Shropshire,  to  be  present  when  the  last  of  bis  furnaces  was  extinguished,  in  a  val- 
ley where  they  had  been  continually  burning,  for  more  than  half  a  centiuy. 
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CHAPTER  IX. 

« 

Wl  UVCOirTOBlIABLB  TRAP  ROCKS  AND  RASALTlC  DTKCff. 

Different  PosidojDs  of  Trap  K^cks.  as  OTerWing.  imbedded  io,  or  iDterBectiog  oth- 
er Rocks.-r-Vaneties  of  Tran  Rocks.— rorpnyry,  Porphyritic  Trap,  Sienite^ 
Oreenstoae,  Clinkstone,  Basalt,  Amy^kloia,  and  Wacke. — Passage  br  Grada- 
Uoa  into  each  other,  and  into  Volcanic  and  Oranitio  Rocln.-^Reinarkable  In* 
stance  of  this  Passage  at  Christiania  in  Norwa]r.--iMoantaiB8  of  Porphyritic 
Trap  and  Clinkstone  with  deep  Craters. — Hieb  Stile,  Cunberhmd,  C^der  Idris, 
Monmooihshire. — ^Basaltic^Dykes:  Extent  oflhe  Cleveland  Basalt  Dwke.^ — Isq**- 
lated  Caps  of  Basalt.— On  interstratified  Basalt.— Remarks  of  Profeaor  Sedg« 
yrick  on  the  Protrusion  of  Basalt  between  regular  Strata.— On  colnmiiar  Ranges 
of  Basalt— Organic  Remains  enreloped  in  Basalt. — Remarkable  Basaltic  Di^- 
trieO  in  Europe  and  America. — Experiments  on  Basalt.— Theory  of  Werner. 
On  the  lelattve  Age  of  Trap  Rocks. 


The  dat$ofrodu  ahoni  to  be  described  in  the  ffresent  chapter ^  are 
aetremely  nUeretttng  to  the  geologist^  as  thev  present  him  with  de- 
dded  iniieafians  of  their  ongin  and  mode  of  formation.  77^  not 
only  ^*  reveal  the  secret  of  their  birth/*  but,  from  their  dose  allianea 
te  many  of  the  most  ancient  primary  rocksi  thev  disclose  the  opera^ 
Hons  by  whiek  a  large  portion  of  the  eartVs  surface  toas  consoliaatedf 
in  the  moet  remote  geological  epochs.  Many  of  the  trap  rocks  are 
so  similar  in  structure  and  composition  to  the  products  of  active,  voU 
canoes,  and  to  beds  of  lava  erupted  in  our  own  times,  that  we  may  be 
mid  io  see  the  very  cause  in  operation,  by  which  they  were  formed.. 
Many  of  the  trap  rocks  are  also  so  simitar  in  structure  and  compo^ 
ntion  to  mne  of  the  most  andent  primary  rocks,  that  we  can  scarcdy 
^o«M  respecting  their  having  haathe  same  origin^  though  they  may 
have' been  consolidated  under  different  degrees  of  heat  or  pressure, 
and  with  different  attendant  conditions.  The  name  Trap  u  derived 
from  the  Swedish  word  trappa,  a  stair^  and  has  b^£n  given  to  rodcs, 
rf  this  doss,  because  many  qf  them  divide  into  regular  forms  resem^ 
Uii^  the  steps  iff  stairs.  Whether  the  term,  in  its  literal  sense,  is 
wM  chosen  as  a  generic  name,  may  be  doubted;  but,  taken  metaphor^. 
icaUy,  it  is  extremdy  appropriate,  as  these  rocks  offer  a  series  of 
gradations  or  steps,  over  which  the  geologist  may  safdy  travd  in  his 
speeutations,  from  the  lava  of  Etna,  to  the  granite  of  the  Mps. 


To  obtain  a  correct  knowledge  of  trap  rocks,  the  student  should 
first  acquire  a  clear  idea  of  their  position..  When  primary  aod  trkns- 
ition  rocks  form  distinct  beds,  they  are  generally  arranged  conforma- 
Uy,  or,  in  other  words,  the  upper  beds  are  moulded  upon  the  lower, 
snA  have  the  same  ele?atk)ns  and  depresaons,  as  represented  Plate 
in.  fig.  1. 
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Triip  rocks,  on  the  contrary,  are  found  on  the  sarface  in  overly- 
ing, unconformable  masses,  or  are  imbedded  in  other  rocks,  or  inter- 
sect themj  rising  like  a  wall,  and  breaking  the  continuity  of  die  strata. 
Such  walls  are  called  dykes.  Trap  rocks  that  are  Imbedded,  sel- 
dom preserve  the  form  of  regular  strata  for  any  great  extent,  but  are 
extremely  variable  in  their  thickness ;  in  many  instances,  they  appear 
to  have  been  laterally  protruded  between  regular  strata.  Uese  dif- 
ferent positions  of  trap  rocks  are  represented  Plate  III;  fig.  9.  It 
is  obvious,  that  these  unconformable  rocks  were,  formed  at  a  period 
subsequent  to  that  of  .the  rocks  which  they  cover  or  intersect. 

As  the  mineral  composition  of  trap  rocks  is  nearly  the  same  as 
that  of  rocks  whose  igneouS^  origin  is  now  undisputed;  we  can  hare 
little  difficuky  in  admitting,  that  the  overlying  masses  of  trap  have 
been  poured  over  the  surface  of  the  conformable  rocks  in  a  state  of 
fusion;  like  streams  of  lava  from  recent  volcanoes ;  with  this  differ- 
ence, that  they  were  not  erupted  from  one  opening  or  crater,  bat 
from  fissgres  of  great  width  and  many  miles  or  leagues  in  extent, 
and  that  they  were  formed  under  the  ocean.  I  say  we  can  have  lit- 
tle difficulty  in  admitting  this,  particularly  as  such  rents  or  fissures, 
filled  with  similar  matter  to  that  of  the  overlymg  unconformable 
masses,  are  often  discovered  in  their  vicinity* 

Trap  rocks,  however,  are  not  unfrequentlv  observed  imbedded  be- 
tween strata  of  aqueous  formation :  here  tneir  origin  appears  more 
obscure.  In  many  of  jthese  ini^tances  we  may,  without  difficulty,  ad- 
mit, that  these  traps  rocl^  were  fornaed  .by  submarine  volcanoes, 
which  have  poured  beds  of  lava  over  the  limestone;  another  bed  of 
limestone  may  have  been  subsequently  formed  over  the  lava,  and  this 
limestone  may  also  have  been  covered  by  the  lava  of  a  later  erup- 
tion. In  this  manner  the  alternation  of  beds  of  basalt,  or  basaltic 
amygdaloid,  with  limestone  in  Derbyshire,  may  admit  of  a  probable 
explanation.  See  Plate  IV.  fig.  5.  e.  e.  beds  of  trap  between  beds 
of  mountain  limestone  a.  a. 

On  the  southern  side  of  Etna  there  are  ^^veral  beds  of  undoubted 
lava  alternating  with  limestone,  as  will  be  more  fully  stated  hereafter. 
l^  some  instances,  hdwevef ,  the  basalt  or  trap  has,  evidently,  been 
protruded  between  the  strata,  after  the  period  when  the  latter  were 
deposited. 

jBefore  we  proceed,  it  may  be  proper  to  remark,  that  there  are 
certain  porphyritic  rocks  bearing  the  general  character  of  trap  rocks, 
which  are  associated  with  slate  rocks,  and  appear  to  pass  by  grada- 
tion into  them.  We  cannot  suppose  that  they  have  been  erupted 
like  lava,  or  protruded  into  slate :  they  have  probably  been  softened 
by  subterranean' heat  with  the  slate  tn  situ;  but  from  dififerenceof 
composition,  or  diiierent  degrees  of  temperature,  these  beds  may 
have  had  a  greater  facility  in  acquiring  a  porphyritic  texture.  A  re- 
markable iDitance  of  the  .passage  of  slate  mto  porphyry  will  be  no- 
ticed hereafter. 
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If  we  sufficiently  keep  in  view  that  the  crust  of  the  globe  with 
which  we  are  acquainted,  does  not  exceed,  in  comparative  tbicitness, 
that  of  a  wafer  to  an  artificial  globe  three  feet  in  diameter;  and  that 
a  very  large  portion  of  the  globe  is  now  or  has  in  ancient  times  been 
rent  and  pierced  through  by  active  volcanoes,  and  that  these  volca- 
canoes  are  not  the  seat  of  subterranean  fire,  but  merely  its  chimneys^ 
we  siMili  have  no  difficulty  in  admitting,  that  extensive  parts  of  the 
crust  of  the  globe,  far  distant  from  any  present  volcanoes,  may  have 
been  softened  by  internal  heat,  and  the  more  fusible  beds  partly  crys- 
taUtsed  in  <&«,  under  the  pressure  of  the  ocean. 

With  respect  to  the  overlying  formations  which  pass  by  gradation 
into  primary  rocks  (as  some  porphyries  allied  to  volcanic  rocks  pass 
into  granite),  this  fact,  sq  far  itom  proving  that  the  porphyry  was  not 
of  Igneous  origin,  tends  strongly  to  confirm  the  hypothesis,  which  at- 
tributes an  igneous  formation  to  granite  itself.*  It  is  granted  by  the 
best  observers,  that  a  regular  gradation  may  be  traced  between  gran- 
ite and  the  more  ancient  volcanic  rocks,  and  that  there  is  likewise  a 
gradation  between  the  products  of  ancient  and  recent  volcanoes,  of 
which  we  shall  afterwards  treat  more  fully.  It  will  be  proper,  before 
we  proceed,  to  state  the  mineral  composition  of  trap  rocks.  Fel- 
spar and  hornblende,  (see  Chap.  III.,}  constitute  the  principal  ingrc 
dients  of  trap ;  in  many  trap  rocks  the  mineral  called  augite  is  inter- 
mixed with  felspar :  indeed,  hornblende  and  augite  resemble  each 
other  so  much  in  chemical  composition,  and,  when  uncrystallized, 
in  external  character  also,  that  they  have  till  recently  been  confound- 
ed together,  and  they  often  opcur  together  in  the  same  rock.  These 
compounds  of  felspar  and  hornblende,  and  felspar  and  augite,  chiefly 
form  the  difierent  rocks  called  greenstone,  sienitic  greenstone,  basak, 
clinkstooe,  pitchstone,  wacke,  and  amygdaloid ;  and  also  trap-porr 
phyry,  and  pitchstone-porpbyry.  All  these  rocks  may  be  regarded 
as  different  modes  and  combinations  of  felspar  with  hornblende  or 
augite,  differing  chiefly  in  their  internal  structure. 

fVben  hornblende  and  felspar  are  intermixed,  and  have  a  granitic 
structure,  they  form  what  is  generally  called  greenstone ;  and  if  the 
felspar  be  red,  sieniuc  greenstone.    When  hornblende  and  felspar, 


*  However  hijghly  and  iostljr  distinguished  many  of  the  nataral  philosophers  in 
France  may  be,  it  cannot  be. denied  that  they  adhere  more  closely  to  theories  once 
formed,  and  have  a  greater  dread  of  thinking  for  themselves,  than  the  philosophers 
of  other  countries.  In  confirmation  of  this,  I  shall  translate  an  extract  from  M. 
Bonnard's  Aper^u  G^ognostique  des  Terrains.  It  is  truly  amusing  to  see  the  alarm 
which  he  evinces,  lest  he  should  be  compelled  by  stubliom  facts  to  relinquish  his 
cherished  theories.  "Another  species  of  difficultv  should  prevent  every  pru- 
dent man  (esprit  tage)  from  attempting  to  explain,  the  formation  of  these  rocks  of 
trachyte  by  any  hypothesis  founded  on  volcanic  action ;  namely,  the  alarming  ex- 
tent of  the  consequences  which  may  follow  such  an  explication,  relative  to  other 
rock  formations,  hitherto  regarded  as  having  a  very  different  origin."  With  great 
respect  for  M.  Bonnard,  I  would  say,  Let  every  esprU  sa^e  yield  to  the  evidence 
which  Nature  presents,  and  leave  consequences  and  theories  to  take  care  of  them- 
selves. 

17 
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or  augite  and  felspar,  are  intimatety  combined  and  finely  granular, 
they  form  basalt.  The  French  geologists  make  a  distinction  between 
the  basalt  in  which  augite  prevails,  and  that  which  is  composed  of 
felspar  and  hornblende  ;  but  it  is  admitted  that  where  the  structure 
is  finely  granular,  or  nearly  compact,  it  is  difficult,  if  not  impossible, 
to  distinguish  them. 

Basalt  has  a  greenish  or  brownish  black  colour,  is  difficult  to  break, 
and  possesses  a  considerable  degree  of  hardness  ;  it  will,  however, 
yield  to  the  point  of  a  knife.  On  examination  with  a  lens,  even  the 
more  compact  varieties  of  basalt  are  seen  to  be  composed  of  aiioute 
crystalline  grains ;  it  frequently  contains  yellowish  grains  of  a  min- 
eral called  olivine ;  it  contains  also  grains  of  iron-sand,  and  a  coi>- 
siderable  portion  of  the  black  oxide  of  iron.  Basalt  is  fusible  into  a 
black  glass,  and  is  magnetic.  The  iron  which  it  contains  passes  into 
a  further  state  of  oxygenation  when  exposed  to  the  air :  hence  ba- 
saltic rocks  are  generally  covered  with  a  reddish  brown  incrustation. 
Very  black  basalts  are  chiefly  composed  of  augite. 

Soft  earthy  basalt,  intermixed  with  green  earth,  forms  the  rock  call- 
ed wacke;  it  has  frequently  a  greenish  colour.  When  basalt  or 
waoke  contains  rodnded  cavities,  filled  with  zeolites,  chalcedoDy,  or 
calcareous  spar,  it  forms  amygdaloid.*  When  the  felspar  greatly 
prevails,  and  the  texture  become^  nearly  compact,  basalt  passes  into 
the  rock  called  phonolite  or  clinkstone,  from  its  yielding  a  metallic 
sound  when  struck  :  the  prevailing  colour  is  gray  and  greenish  gray; 
it  is  fusible.  Clinkstone,  when  it  has  a  more  earthy  texture,  passes 
into  the  rock  called  by  English  geologists  claystone.  Clinkstone  of- 
ten contains  imbedded  crystals  of  felspar,  and  then  becomes  a  trap- 
porphyry,  which  varies  in  colour  according  to  the  prevailing  ingredi- 
ents of  its  base.  Between  felspar-porphyry  and  trap-porpbyry  tfaere 
is  an  almost  imperceptible  transition ;  in  the  former,  the  base  or  paste 
is  felspar,  nearly  pure.  Some  felspar  porphyries  pass,  gradually, 
into  granite,  by  an  intermixture  with  quartz  and  mica. 

Pitchstone  has  a  blackish  green,  or  a  nearly  black  colour ;  it  is  a 
semivitreous  substance,  having  the  lustre  and  appearance  of  pitch, 
and  does,  in  fact,  contain  a  portion  of  bitumen ;  its  other  constitueat 
parts  are  the  same  as  those  of  basalt ;  it  approaches  nearly  to  the 
black  volcanic  glass  called  obsidian,  which  is  a  lava  suddenly  refrig- 
erated and  perfectly  vitrified.  Pitchstone  and  obsidian  are,  some- 
times, porphyritic.  Hence,  we  have,  on  the  one  hand,  a  series  of 
rocks,  (varying  only  in  the  increase  of  felspar,  and  state  of  indura- 
tion,) from  granular  basalt  to  clinkstone  and  claystone,  from  clink- 
stone to  trap-porphyry,  from  trap- porphyry  to  trachyte  and  felspar- 
porphyry,  and  from  felspar-porphyry,  with  the  further  admixture  of 


•  The  names  Porphyry  and  Amygdaloid  rather  represent  modes  than  substances, 
and  convey  no  precise  ideas,  unless  the  nature  of  the  base  be  specified 
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mica  and  quartz,  to  granitic  porphyry  and  granite.  On  the  other 
hand,  from  granitic  greenstone  there  is  a  transition  to  sienite,  and 
iiona  sienite  to  true  granite.  Again :  in  the  volcanic  districts  of  Au- 
vergne,  we  see  scoriaceous  lava  become  more  compact,  and  at  length, 
pass  into  weH  characterized  black  basalt,  with  the  columnar  structure. 
In  other  situations,  currents  of  lava  form  obsidian  or  volcanic  glass ; 
and  between  basalt,  phonolite,  and  pitchstone,  there  is  au  almost  im* 
peroeptible  gradation. 

Thus  it  may  be  seen,  that  the  whole  family  of  trap  rocks  have,  oo 
the  one  hand,  a  close  alliance  with  volcanic  rocks ;  and  on  the  other, 
with  the  more  ancient  rocks  of  porphyry  and  granite. 

The  gradation  of  trap  rock,  having  in  some  parts  a  volcanic  charac- 
ter, into  true  granite,  has  been  described  by  Messrs.  Hausmann  and 
Von  Bach  aa  distinctly  observable,  and  well  marked,  in  a  mountain 
near  Cbristiania  in-  Norway.  The  lower  rock's  are  gneiss ;  over  this 
occurs  dark  slate ;  and  in  the  slate  are  several  beds  of  blackish  lime- 
stone, containing  trilobites,  and  also  orthoceratites  several  feet  in 
length,  with  other  marine  organic  remains.  In  some  parts,  a  bed  of 
gritstone  or  grey  wacke  rests  on  the  slate.  Tfie  whole  of  these  beds 
are  covered  by  an  enormous  mass  of  porphyry  varying  in  thickness 
from  1600  to  2000  feet.  The  porphyry  is  of  a  smoke  gray  colour, 
but  is  reddish  in  some  parts ;  it  is  compact,  and  moderately  hard, 
and  contains  large  crystals  of  white  felspar,  and  crystals  of  quartz, 
ep'idoie,  hornblende,  iron  pyrites,  and  magnetic  iron  ore.  In  the 
lower  part  of  the  bed,  the  porphyry  becomes  vesicular,  and  changes 
into  an  aroygdaloidal  basalt,  containing  crystals  of  augite.  Near  the 
sea,  vast  dykes  of  this  porphyry,  more  than  thirty  yards  in  width, 
are  seen  cutting  through  the  slate  and  beds  of  limestone.  In  anoth- 
er part  of  the  country,  at  Holmstrand,  the  same  mass  of  porphyry, 
covering  beds  of  sandstone,  is  seen  to  pass  in  the  lower  part,  by 
almost  insensible  gradations,  into  a  hard  finegrained  black  basalt, 
containing  brilliant  crystals  of  augite :  in  the  upper  part  of  the  bed, 
the  porphyry  passes  into  a  sienite  of  singular  beauty,  containing 
crystals  of  zircon ;  and  above  this  the  sienite  passes  into  common 
granite.  The  dykes  of  porphyry  cutting  through  the  slate  rocks, 
indicate  the  mode  of  formation  of  this  porphyry,  in  a  manner  not 
to  be  mistaken  by  those  who  are  acquainted  with  the  basaltic 
dykes  in  the  northern  parts  of  Great  Britain.  These  dykes. were 
doubtles  the  Assures  through  which  this  vast  mass  of  porphyry  had 
been  poured  out  over  the  slate  rocks,  though  Messrs.  Hausmann 
and  Von  Buch  described  them  as  veins  descending  from  the  porphyry. 
The  reader  may  form  a  more  distinct  idea  of  the  position  of  this 
porphyry  and  its  relation  to  the  subjacent  rocks,  which  are  intersec- 
ted by  dykes  of  the  same  porphyry,  from  Plate  III.  fig.  2.  a. 

Had  M.  Von  Buch  seen  this  remarkable  mass  of  porphjrry  at 
Cbristiania,  after  his  visit  to  the  basaltic  districts  in  England,  he  would 
I  am  persuaded,  have  at  once  recognised  the  agency  of  subterranean 
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fire  in  its  fonnation.  I  saw  this  emiDent  geologist  soon  after  his  re- 
turn from  Cumberland  and  Westmoreland ;  and  if  I  recollect  dis- 
tinctly his  opinion  respecting  the  mountains  of  porphy ritic  trap  and 
cliqkstone  intermixed  with  slate  in  these  counties,  it  was,  that  they 
bore  a  striking  resemblance  to  some  of  the  most  ancient  voleaDic 
mountains  in  Auvergne,  and  that,  like  them,  they  had  been  softened 
in  iitUj  and  elevated  by  subterranean  beat*  The  operatbn  of  igneous 
agency  in  these  mountains  is  much  less  evident  than  in  the  porphyry 
of  Norway,  if  the  description  given  of  it  be  correct.  The  only  por- 
phyry occurring  in  unconformable  beds  that  I  have  seen  in  Cumber- 
land or  Westmoreland^  covers  part  of  a  mountain  of  coarse  slate,  on 
the  right-band  side  of  the  road  going  from  Kendal  to  the  granite 
mountain  of  Shap.  It  forms  a  nearly  horizontal  bed  composed  of 
red  felspar,  which  has  an  earthy  texture,  and  contains  crystals  or 
grains  of  quartz;  it  is  what  the  French  would  denominate  a  red 
trachyte.  Considerable  fragments  of  the  same  rock  are  scattered 
in  the  adjacent  valleys,  proving  that  at  a^former  period,  this  porphyry 
was  more  extensively  spread  over  that  district.  A  red  porpbyritic 
felspar,  nearly  similar  in  composition  and  appearance,  forms  the  top 
of  the  mountain  called  Hed  Pike  above  the  lake  Buttermere  in  Cum- 
berland. Closely  adjacent  to  Red  Pike,  and  forming  part  of  the 
same  ridge,  is  the  mountain  called  H^h  Stile.  Between  the  sum- 
mits of  these  mountains  is  a  deep  crater  with  a  small  lake  or  tarn  at 
the  bottom  of  it ;  the  sides  of  this  crater  are  very  steep ;  it  is  pardy 
surrounded  by  rude  columns  of  clinkstone  on  one  side ;  the  porpby- 
ritic felspar  of  Red  Pike  forms  the  other  side.  The  clinkstone  has 
a  smooth  conchoidal  fracture  and  a  greenish  grey  colour ;  it  cootains 
small  crystals  of  felspar,  and  is  slightly  translucent  on  the  edges  and 
very  fusible ;  it  is  highly  sonorous  when  struck  with  a  hammer.  The 
height  of  High  Siile  is  2100  feet  above  the  level  of  the  sea;  the 
depth  of  the  crater  is  about  500  feet ;  the  side  nearest  the  lake  of 
Buttermere,  by  which  alone  it  can  be  entered,  is  partly  open.  Situ- 
ated as  it  is  on  the  summit  of  a  very  narrow  steep  mountain  range, 
that  divides  the  valley  of  Buttermere  from  Ennerdale,  no  conceiva- 
ble operation  of  water  could  have  scooped  out  the  crater,  and  the 
bed  of  the  lake  within  it. 

Though  the  rqcks  which  surround  this  crater  are  closely  allied  to 
volcanic  rocks,  and  havfe  probably  been  subjected  to  the  agency  of 
subterranean  fire,  yet  the  crater  is  not  composed  of  lava  and  scorist 
like  that  of  modern  volcanoes.  *Cader  Idris,  in  Merionethshire,  is 
similar  in  composition  and  structure  to  High  Stile ;  it  has  also  a  deep 
crater,  with  a  small  lake  at  the  bottom.  The  opinion  of  Von  Bucb, 
that  Bomp  volcanic  mountains  have  been  upheaved  bodily  in  a  solid 
mass,  would,  if  admitted,  elucidate  the  formation  of  these  mountains: 
the  craters  may  not  have  ejected  lava,  but  may  hav^  served  for  vents 
to  the  elastic  fluids  or  steam  that,  combined  with  heat,  were  the  agents 
by  wbicfa  the  mountains  were  upheaved ;  or  we  noay  suppose  the 
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traters  to  be  formed  bj  a  partial  sinkiog  down  of  the  summits,  when 
the  mountains  were  still  softened  by  beau  It  may,  however,  deserve 
the  future  enquiry  of  geologists,  whether  the  red  felspathic  trachyte  oo 
one  side  of  the  crater  of  High  Stile,  which  forms  Red  Pike,  and 
extends  over  the  mountain,  may  not  at  once  have  flowed. as  lava. 

Many  mountains  in  Cumberland  and  Westmoreland  are  composed 
of  porphyridc  trap,  passing  into  clinkstone.  In  a  deep  ravine  of 
Swartbfell  in  Cumberland,  opposite  the  seat  of  J.  Marshall,  Esq. 
the  mouDtain^  which  is  here  composed  of  clinkstone,  presents  the 
columnar  structure  on  a  magnificent  scale ;  the  columns  are  sUgbtly 
bent  and  inclined. 

Porphyry,  from  an  intermixture  with  hornblende,  frequently  pass* 
es  inio  sienite ;  when  this  is  the  case,  the  latter  rock  generally  iormt 
the  upper  part  of  the  mass.  Porphyry  and  basalt,  in  enormous 
masses,  often  cover  the  primary  mountains  b  the  Andes.  According 
to  Humboldt,  "  they  are  arranged  in  regular  columns,  which  strike 
die  eye  of  the  traveller  like  immense  casdes  lifted  into  the  sky.'* 
Some  geologists  describe  four  formations  of  porphyry ;  hut  this  divis* 
ion  is  purely  theoretical,  as  those  who  admit  it,  agree  that  the  diflb- 
rent  ibrmatioos  of  porphyry  frequendy  pass  into  each  other ;  and, 
from  the  evident  connection  of  porphyry  and  basaltic  with  igneous 
rocks,  it  naturally  follows,  that  such  transitions  must  take  phce* 
Many  porpfayrttic  rocks  may  be  regarded  as  more  ancient  than' ba- 
saltic rocks,  as  porphyry  frequendy  occurs  intermixed  with,  or  cov-> 
ering,  transition  rocks,  and  basalt  is  most  commonly  associated  with 
the  secondary  strata.  1  am  informed  by  Professor  Sedgwick,  that 
die  porphyry  of  the  Cheviot  Hills  has.  produced  frequent  and  great 
diskwaiions  of  the  beds  in  its  vicinity.  We  have  few  instances,  he- 
side,  that  I  am  acquainted  with,  in  England  or  Wales,  of  eruptk>ns 
of  well  defined  porphyry :  they  are  not  uncommon  in  Scodand  and 
in  the  Alps.  We  shall  proceed  to  describe  the  phenomena  present* 
ed  by  trap  rocks,  of  which  there  are  numerous  striking  examples  m 
Great  Britain  and  Ireland. 

In  describing  the  phenomena  presented  by  any  of  the  trap  cocks, 
we  describe  those  peculiar  to  every  member  of  the  trap  family. 
Were  it  altowed  to  express-a  geological  fact  in  familiar  terms,  it  might 
be  said,  that  all  the  members  of  this  family  give  indications  of  a  fiery 
character,  and  of  having  been  troublesome  neighbors  to  the  adjacent 
rocks,  disturbing  them,  and  even  changmg  their  nature,  when  they 
are  closely  associated.  Beside  occurring  in  overlying  unconfomn 
able  masses,  all  trap  rocks,  with  porphyry,  which  may  be  placed  at 
their  head,  are  occasionally  found  intersecung  other  rocks  like  vertir 
cal  walls.  It  has  been  before  stated,  that  these  vertical  walls  are 
called  i/jfifcet,— >the  term  dyke  and  wall  being  synonymous  in  North 
Britain.  The  substance  which  most  commonly  occurs  in  dykes  is 
basalt ;  and  as  these  basaltic  dykes  are  well  known,  from  their  fre- 
quently intersecung  coal  strata,  we  shall  now  give  a  description  of 
basaltic  dykes,  and  their  efiects  on  the  adjacent  rocks  or  strata. 
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The  thickness  of  dykes  varies  from  a  few  inches  to  twenty  or 
thirty  feet  or  yards ;  in  some  instances  they  exceed  three  hundred 
feet.  The  extent  to  which  they  stretch  across  a  country  has  seldom 
been  explored  beyond  the  mining  districts,  where  a  knowledge  of 
them  is  important,  on  account  of  the  disturhances  which  they  occasioo 
in  the  strata. 

The  intersection  of  coal  strata,  by  dykes  is  represented  Plate  IV. 
fig.  2.  and  3.  C.  C.  and  D.  D.  Dykes  generally  decline  a  little  from 
a  vertical  position ;  and,  as  before  stated,  the  depth  to  which  diey 
descend  is  unknown. 

The  strata  are  almost  always  thrown  down  on  one  side  of  a  dyke, 
and  elevated  on  the  other  ;  hut  the  dislocation  is  not  proportioned  to 
its  breadth.  There  is  a  fault  extending  from  Whitly,  in  Northumr 
berland,  to  Greenside  and  Sandgate  in  Durham,  which  has  thrown 
down  the  strata  on  the  north  side  one  hundred  and  eighty  yards;  this 
is  a  comparatively  narrow  fissure  filled  with  clay.  A  great  basaltic 
dyke  in  the  same  county,  which  is  seventeen  yards  wide,  has  ody 
produced  a  dislocation  of  twelve  yards. 

The  whole  series  of  strata  which  have  been  raised  above  the  sur- 
face on  one  side  of  a  fault,  have  sometimes  entirely  dbappeared, 
and  the  ground  on  each  side  of  it  is  on  the  same  level.  See  Plate 
IV.  fig.  2, 3. 

Trap  dykes,  and  basalt  dykes  are  generally  harder  than  the  rocks 
that  they  intersect ;  and  when  the  latter  are  partly  decomposed,  ofteo 
remain,  forming  vast  walk  of  stone,  that  rise  above  the  surface  of 
the  ground.  There  are  walls  of  this  kind  in  the  counties  of  North- 
umberland and  Durham,  running  along  the  country  several  miles. 
Dykes  also  extend  inco  the  sea,  and  form  reefs  of  rocks ;  and  wbeo 
they  cross  the  beds  of  rivers  they  form  fords,  and  sometimes  hold 
up  the  water  and  occasion  cascades,  of  which  there  are  numerous 
instances  on  the  river  Tees.  In  the  interior  of  North  America,  ba- 
saltic walls  of  great  extent  were  dbcovered  by  Messrs.  Lewis  and 
Clark ;  the  walls  were  composed  of  columns  of  basalt  arranged  bon- 
zontally,  and  were  at  first  supposed  to  he  artificial  constructioDS. 
Where  basaltic  dykes  are  of  considerable  thickness,  the  hardness  of 
the  stone  varies  in  different  parts ;  sometimes  the  inner  parts  are 
harder,  and  sometimes  softer  than  the  outer,  the  substance  in  the 
dyke  being  divided  by  seams  or  partings*.  This  may  be  distinctly 
seen  at  Coaly  Hill  near  Newcasde-upon-Tyne,  where  a  large  basalt 
or  whin  dyke  cuts  through  the  coal  strata,  and  rises  to  the  surface. 
"The  stone,  being  hard,  is  quarried  for  the  roads  along  a  line  of  sev- 
eral hundred  yards,  forming  a  deep  trench,  sufficiently  wide  to  admit 
a  cart  road  through  the  quarry,  between  the  «des  of  the  dyke. 

The  basalt  of  the  dyke  is  intersected  by  fissures,  and  divided  into 
variously  shaped  masses.  In  one  part  of  the  dvke,  it  .appears  to 
graduate  into  an  indurated  ferruginous  clay,  which  is  in  some  places 
divided  into  minute,  well  defined  pentagonal  prisms.    The  dyke  bad 
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charred  tbe  coal  cm  each  side  of  it,  and  rendered  it  soft  and  sooty ; 
to  ase  the  language  of  a  quarry  man,  who  was  working  in  the  dyke 
when  I  visited  tbe  place  in  1813,  '*'  it  falad  burned  the  coal  wherever 
it  had  touched  it.**  The  same  dyke  extends  from  the.  sea  to  the 
western  side  of  the  county  of  Northumberland ;  its  terminatioQ  in 
that  direction,  is  unknown. 

The  longest  mineral  dyke  that  has  been  traced  in  England  may  be 
called  the  Cleveland  Basalt  Dyke :  it  extends  from  the  western  side 
of  Durham  to  Berwick  in  Yorkshire ;  it  crosses  the  river  Tees,  at 
this  place,  and  proceeds  in  a  waving  line  through  the  Cleveland  Hills 
in  the  east  riding  of  Yorkshire,  to  Uie  sea  between  Scarborough  and 
Whitby.  It  rises  to  the  surface,  and  is  quarried,  in  many  parts  of  its 
course,  for  stone  to  lay  upon  the  roads.  From  Barwick-oo*the-Tees 
It  may  be  traced  in  an  easterly  direction,  near  the  villages  of  Stanton, 
Newby,  Nunthorp  and  Ayton.  Ac  Langbath-ridge  a  quarry  is  work- 
ed in  it ;  it  passes  south  of  the  remarkable  hill  called  Koseberry 
Toppin,  near  Stokesly,  and  from  thence  by  Lansdale  to  Kiklale ; 
it  may  be  seen  on  the  surface  nearly  all  the  way  in  the  above  track. 
From  KMale  it  passes  to  Denbigh  Dale  end,  and  through  the  vilhge 
of  E^gton4Midge,  and  hence  over  Leace  ridge  through  Crothlaiid, 
crossing  the  turnpike  road  from  Whitby  to  Pickering  near  the  seven 
mile  stone,  at  a  place  called  Siltow  Cross  on  a  high  moor.  I  exam- 
ined it  at  this  place,  where  it  is  quarried  for  the  roads,  and  is  about 
ten  yards  wide.  From  hence  it  may  be  traced  to  Blea  Hill  near 
Harwood  Dale,  in  a  line  towards  the  sea,  near  which  it  is  covered 
with  alluvial  soil ;  but  there  can  be  little  doubt  that  it  extends  into  the 
German  Ocean.  It  is  a  dark  greyish  brown  basalt  which  turns  brown 
on  exposure  to  the  atmosphere  ;  it  is  the  principal  material  for  mend- 
ing the  roads  in  the  district  called  Cleveland.  I  am  indebted  to  Mr. 
Bird  of  Whitby  for  an  account  of  the  situations  where  it  may  be  seen 
on  the  surface.  He  has  traced  it  through  Yorkshire  and  Durham ; 
in  the  latter  county  it  cuts  through  the  coal  strata.  Professor  Sedg- 
wick, in  a  valuable  paper  on  the  Trap  Dykes  of  Yorkshire  and  Dur- 
ham, published  since  this  account  of  the  Cleveland  Basalt  Dyke  was 
originally  written,  says  that  the  continuity  of  this  dyke  with  others 
west  of  the  Tees,  is  not  fully  ascertained  :  he  thinks  the  length  6f 
the  dyke  may  be  estimated  at  ft-om  fifty  to  sixty  miles.  The  course 
of  this  dyke  is  marked  in  the  Geological  Map  of  England,  Plate  IV. 
By  consulting  the- large  maps  of  England,  the  course  may  be  distinct* 
ly  traced;  drawing  a  line  in  the  direction  from  Cockfieid  in  tbe  coun- 
ty of  Durham  to  Barwick-on-the-Tees,  and  extending  the  line  east 
and  west,  it  will  pass  near  all  the  places  above  mentioned.  In  some 
situations  where  the  angle  in  which  this  dyke  cuts  the  strata  can  he 
ascertained,  it  is  about  eighty  degrees. 

A  circumstance  attending  this  and  other  extensive  dykes,  which 
has  not,  1  believe,  been  hitherto  regarded  by  geologists,  completely 
invalidates  the  theory,  that  dykes  were  originally  open  fissures  form- 
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€d  by  the  drying  or  shrinkiDg  in  of  the  rocks.  This  dyko  m  its 
course  intersects  very  different  formations,  viz.  the  transition  or  me- 
talliferous limestone,  the  coal  district,  and  the  upper  secondary  strata 
of  lias  and  oolite.  The  different  organic  remains  in  these  formatioDS, 
as  weH  as  their  position,  prove  that  they  were  consolidated  at  distant 
periods  of  time.  Indeed,  the  geologists  who  maintain  that  dykes 
w3re  formed  as  before  described,  are  ready  to  admit  the  distant  eras 
of  these  formations.  The  transition  or  metaUiferous  limestone,  and 
the  lower  strata  must  have  been  completely  consolidated,  kng  before 
the  upper  secondary  strata  were  deposited ;  and  the.  causes  which 
might  dispose  the  upper  strata  to*  shrink  in,  canbot  be  supposed  to 
act  on  the  lower  rocks.  It  b  also  to  be  remarked,  that  in  the  lower 
rocks,  .situated  to  the  west,  the  breaddi  of  this  dyke  is  more  than 
twenty  yards }  but  at  Sillow  Cross,  where  1  measured  it,  it  is  not 
more  than  ten  yards :  this  dyke  must,  therefore,  become  wider  as  it 
descends.  It  must  also  have  been  filled  with  basalt  at  the  time  of  its 
formation,  otherwise  it  would  have  contained  numerous  fragments  of 
the  rocks  which  it  intersects. 

The  effects  of  this  basaltic  dyke  on  the  difierent  rocks  through 
which  it  passes  are  truly  deserving  notice.  Whea  it  comes  in  coin 
tact  with  limestone,  the  limestone  is  often  found  granular  and  ciys- 
tailine,  a  fact  the  geological  importance  of  which  will  be  subsequently 
adverted  to.  Where  it  crosses  the  coal  strata,  and  comes  in  contact 
with  the  seams  of  coal,  the  substance  of  the  coal  is  for  several  feet 
converted  into  soot.  At  a  greater  distance  from  the  basalt,  the  coal 
is  reduced  to  a  coke  or  cinder,  which  bums  without  smoke,  and  with 
a  clear  and  durable  heat.  At  the  distance  of  fifty  feet  from  (he 
dyke,  the  coal  is  found  in  its  natural  unaltered  state.  It  is  particu- 
larly remarkable  that  the  roof  immediately  over  the  coal  is  L'oed  with 
bright  crystals  of  sulphur.  In  some  situations  in  the  same  county, 
the  shale,  in  contiguity  with  basaltic  dykes,  is  converted  into  Bioty 
slate  or  jasper,  and  the  sandstone  is  changed  to  a  brick  colour.  There 
is  another  great  basaltic  dyke  in  the  same  district,  which  crosses  the 
western  extremity  of  Durhanr  from  AUenheads  to  Bortreeford  on  the 
river  Tees,  hence  called  the  Burtreefdrd  Dyke.  It  throws  down  the 
strata  on  the  west  side  of  it,  one  hundred  and  sixty  yards. 

Dykes,  being  generally  impervious  to  water,  they  obstruct  its  pas* 
sage  along  the  porous  strata,  and  occasion  it  to  rise ;  hence  it  fre- 
quently happens  that  numerous  springs  make  their  appearance  along 
the  course  of  a  dyke,  by  which  it  may  be  detected,  when  there  is 
no  other  indication  of  it  visible  on  the  surface.  - 

Basaltic  dykes  intersect  both  primary  and  secondary  rocks,  but 
they  every  where  present  indications  of  their  action  on  the  adjac^ 
rocks.  At  Nigg,  near  Aberdeen,  I  examined  a  basahic  dyke  on  the 
coast,  which  intersects  a  rock  composed  of  gneiss ;  the  dyke  i3 
about  thirty  feet  in  width.  Where  the  basalt  is  in  contact  with  the 
gneiss,  it  becomes  nearly  compact,  and  approaches  to  the  character 
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of  honistODe,  aod  the  gneiss  has  a  red  aod  burnt  appearaoee,  ap* 
proBcbing  in  its  nature  to  porphyry.  It  is  probable  that  the  action 
of  the  basalt  en  the  sides  of  the  gneiss  rock  had  softened  it  and  ren- 
dered it  more  liable  to  disintegrate  than  the  other  parts ;  for  the  sea 
has  here  made  an  indentation  inland,  forming  a  deep  narrow  ravine 
or  bay,  with  a  lofty  wall  of  basalt  running  through  it.  The  wail  of 
basalt  completely  divides  the  bay,  and  the  sea  enters  on  both  sides  of 
the  basalt.  It  has  been  before  observed,  that  when  basahic  dykes 
extend  into  the  sea,  they  form  reefs  pf  rocks,  and  small  islands. 
These  basaltic  walls,  whether  rising  above  the  surface^of  the  country, 
or  extending  into  the  sea,  serve  to  mark  the  destructiop  of  the  land ; 
for  we  are  certain,  that  these  walls  of  mineral  matter,  were  at  one 
period  supponed  on  each  side  by  rocks  or  strata  which  they  have 
intersected,  but  which  are  now  worn  ftway.  The  Cleveland  basalt 
dyke,  it  has  been  stated,  cuts  through  the  transition  limestone ;  the 
coal  strata,  and  the  upper  secondary  strata,  coipprising  a  part  of  the 
oolite  formation.  On  the  northern  coast  of  Ireland, '  Messrs.  'Bock- 
land  and  Cooybeare  discovered  a  considerable  basaltic  dyke,  pass- 
ing through  the  chalk  rocks.  In  the  immediate  contiguity  of  basalt, 
the  chalk  on  each  side  of  the  dyke  was  rendered  hirbly  indurated 
and  crystalline,  this  effect  decreasiug  as  the  distance  from  the  dyke 
increased. 

The  constant  occurrence  of  dykes  in  basaltic  districts,  gives  a  high 
degree  of  probability  to  the  opinion,  that  overlying  unconformable 
trap  rocks  have  been  erupted  through  these  dykes  in  a  melted  state 
like  lava,  and  have  been  poured  over  the  surface  of  the  ground. 
Where  extensive  beds  of  basalt  occur  in  low  situations,  there  can  be 
little  difficulty  in  admitting  this  mode  of  formation ;  but  the  frequent 
occurrence  of  beds  of  basalt,  forming  isolated  caps  on  distant  moun- 
tains, was  for  a  long  time  considered  as  opposing  completely  the  hy- 
pothesis of  the  igneous  origin  of  basahic  rocks.  A  more  attentive 
examination  of  basaltic  districts  has  however  established  the  fact, 
that  these  isolated  caps  of  basalt  are  pans  of  extensive  continuous 
beds,  which  have  in  remote  ages  been  excavated  aud  intersected  by 
vallejs,  in  the  same  n^anner  as  the  beds  of  other  rocks  which  fre- 
quently form  isolated  caps  on  detached  mountains.  Isolated- caps  of 
basalt  are  also,  in  some  situations,  formed  like  caps  of  modern  lava, 
which  extend  to  no  great  distance  from  the  summit  of  a  volcano* 
Professor  Sedgwick  of  Cambridge,  *  in  an  interesting  description  of 
"  7%e  Phenomena  connected  mth  some  Trap  Dykes  in  Yorkshire 
and  Durhamj^^  given  ia  the  Transactions  of  the  Cambridge  Philoso- 
phical Society,  states,  that  "  In  the  quarries  now  excavating  near  Bo- 
lum,  the  vertical  dyke  is  unusually  contracted  in  its  dimensions ;  but, 
on  reaching  the  surface,  it  undergoes  a  great  lateral  extension,  espe- 
cially on  the  south-west  side,  so  that  the  works  are  conducted,  in  a 
perpendicular  face  of  columnar  trap,  more  than  two  hundred  feet 
wide."    The  annexed  cut  (copied  irom  that  of  Professor  Sedg^ 
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widi)  wiH  grre  fi  distinct  idet  of  this  mode  of  farmatioD.  It  aaj 
be  proper  id  observe,  that  the  dyke  is  a  continuatioD  of  the  Cleveland 
bssalt'dyke,  which  I.  have  before  described.  Tbe  boriumtal  mew 
ores  ifarough  wbich  it  passes  are  coal  measures. 


There  can  be  no  more  doubt  Vespectiog  the  cap  or  expansion  of 
6asah  having  been  erupted  through  ihe  dyke,  than  there  can  be  of  tbe 
origin  of  a  bed  of  lava,  which  may  be  traced  to  the  mouth  of  an  ad- 
jacent volcano. 

Beds  of  trap  or  basalt,  inte^slraliGed  with  oiher  rocks,  hare  gi'cn 
rise  to  much  speculation  respecting  their  origin:  that  such  beds  are 
not  unfrequent  in  the  coal  measures,  is  a  fact  well  known  to  minfrsia 
the  North  of  England,  From  ihe  great  hardness  of  trap  beds  (pro- 
vincially  called  beds  of  whinstone)  they  increase  the  difficulry  and 
expense  oF  sinking  shafts.  These  inierstrailfied  masses  hsve  been 
frecnienlly  described,  as  regular  measures  or  strata..  There  is  a 
thick  bed  of  trap  in  some  of  the  coal-fields  in  Durham,  called  the 
Great  Whinstone  Sill ;  the  word  sill  being  used  for  stratum  by  Mr. 
Westgarth  Forster,  in  his  section  of  these  strata  published  in  1809. 
This  bed  or  inass  of  whinstone,  though  described  by  Mr.  Forster  as 
a  regular  stratum  w.ith  the  series  of  strata  in  which  it  is  found,  !■  ad- 
miued  to  vary  in  thickness  from  twelve  to  sixty  yards.  It  is  found 
at  a  great  depth  in  some  mines ;  in  other  situations  it  rises  to  the  5U^ 
face.  Upon  ibe  supposition  that  this  bed  is  of  igneous  origin,  d» 
question  has  been  proposed,  in  what  manner  did  it  become  interstrat- 
ified  with  beds  tliat  are  evidently  aqueous  depositions?  Those  vbo 
Grst  raised  this  objection  could  scarcely  have  kept  in  mind,  that  every 
bed  in  the  whole  series  of  the  coal  measures  was  once  the  upper  sur- 
fiice  of  the  solid  ground,  whether  thai  surface  was  covered  with  wa- 
ter, or  was  diy.  An  eruption  of  lava  might  therefore  flow  over  any 
particular  bed  in  the  whole  series,  and  this  lava  might  become  cov- 
ered by  subsequent  aqueous  depositions.  But  there  is  another  mods 
in  which  the  lava  might  be  inirodiKed  among  tbe  strata  at  t  birt 
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period ;  it  might  be  protruded,  laterally,  betweeo  them.    That  such 
lateraf  protrusions  have  actually  taken  place  in  some  mstances,  is 
proved  by  Dr.  MacCiilloch's  observation^  on  the  coast  ol  Scotland, 
where  trap  may  be  seen  forming  beds  between  strata  of  sandstone, 
then  soddeoly  cutting. through  the  upper  strata  and  forming  other 
beds  above*     See  Plate  HI.  6g.  3.  where  strata  of  sandstone  arcsin- 
CersBcied,  vertically,  by  b  dyke  of  basalt,  and  laterally  by  nearly  ho- 
nasntal  beds  of  the  same  basalt.    Professor  Sedgwick  has  bestowed 
much  labor  in  investigating  the  ti'ue  positioti  of  the  Great  Whinstone 
SiU,  and  its  relations  to  the  different  strata  in  its  vicinity,  and  has 
g^ven  a  very  luoiinous  and  satisfactory  description  of  the  remarkable 
pheoomeoa  which  it  presents,  proving, unanswerably  theigneoos  ori- 
gin of .  this  rock. 

It  would  be  doing  great  injustice  to  this  valuable  paper,  to  attempt 
MB  abridgment  of  the  detail  of  interesting  facts  and  arguments  wfaieh 
k  contains :  1  shall  briefly  recapitulate  some  of  the  observations* 
The  whin  sill  is  not  a  regular  bed  interposed  between. the  svne  strata 
in  different  parts  of  its  range,  but  it  cuts  through  or  overlies  very  dif* 
ferent  strata.  It  has  had  an  extraordinary  effect  in  converting  beds 
of  shale,  on  which  it  lies,  into  a  porous  slag ;  and  where  the  whin  siil 
comes  io  contact  with  limestone,  the  limestone  i&  converted  into  a 
dull  wlule  granular  and  crystalline  mass.     (Query  Dolomite  ?) 

This  conversion  ukes  place  not  only  in  the  subjacent  limestone, 
but  sometimes  on  the  limestone  which  covers  tlie  whin  siH, — a  fact 
deserving  particular  attention, .  as  it  indicates  that  the  whin  sill  was 
protruded  between  the  beds  of  limestone,  otherwise  it  could  scarcely 
have  produced  any  chemical- or  mechanical  change  on  the  upper  bed 
of  limestone.  In  some  parts,  beds  of  limestone  are  seen  bent  up* 
wards  and  imbedded  in  the  whip  sill. 

Indeed  Professor  Sedgwick  thinks  it  probable,  that  the  whin  sill 
wu  produced  by  a  lateral  injection  of  volcanic  matter,  in  a  state  of 
igqeous  fusion. 

The  beds  of  trap  or  loadstone,  imbedded  in  the  mountliin  liise- 
filone  of  Derbyshire,  were  supposed  by  Mr.  Whiteburst  to  have  been 
protruded  or  driven,  in  a  melted  state,  between  the  strata :  this  opin- 
Km  was  founded  chiefly  on  the  suppos^  fact,  that  the  metallic  veins, 
which'  cut  through  the  limestone,  1 . 2. 3.  do  i^ot  pass  into  the  toad- 
stone,'  (see  Plate  IV.  fig.  5.)  and  were  therefore  supposed  to  have 
been  broken  through  when  the  latter  beds  were  protruded.  It  has, 
however,  since  been  discovered,  that  the  veins  do  often  pass  into  the 
toadstooe,  though  they  seldom  bear  ore  hi  this  rock ;  hence  the  coo* 
ciosion  of  Mr.  Whiteburst  was  deprived  of  its  main  support.  Suft* 
sequentTy,  Mr.  Farey,  in  his  survey  of  Derbyshire,  misled  by  an  at- 
tachment to  theory,  described  the  beds  of  toadstone  as  regular  strata, 
preserving  their  thickness  and  continuity  through  the  Peak  of  Derby- 
shire. Tbb  is  by  no  means  the  case ;  the  beds  of  toadstone  are  ex- 
Isemely  variable  id  their  thickness  and  order  of  aiccessiony.  and  the 
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intermixture  of  groea-earth,  toadstone,  and  limestone,  near  the  junc- 
tiod  of  loadstone  with  the  limestone  beds,  certainly  favors  Mr.  White- 
hurst's  original  theocy  of  protrusion;  but  this  protrusion  took  phce 
before  the  formation  of  metallic  veins,  and  might  be  the  cause  of 
thoise  fissures  in  which  the  veins  were  formed.  It  is  not  improbable 
that  some  of  the  more  regular  beds  of  toadslone  may  have  flowed 
as  lava.  .  Professor  Sedgwick  justly  observes,  '<  th^t  our  reluctanca 
to  admit  the  theory  of  protrusdon  arises  from  the  difiiculty  of  cod- 
ceiving  any  poweirs  in  nature  adequate  to  produce  such  an  efiect. 
But  all  the  phenomena  of  Geology  show,  that  the  great  disturbing 
forces  by  which  the  crust  of  the  globe  has  been  modified,  acted  in 
former  times  .with  incomparably  more  energy  than  they  do  at  present. 
Volcanic  forces  ace  now  employed  iu  liftidg  a  column  of  melted  lava 
to  the  lip  of  a  crater.  The  same  kind  of  forces,  acting  with  more 
energy  and  through  a  wider  region,  may  in  the  early  -history  of  the 
globe  have  been  employed  in  lifting  islands  and  even  continents  from 
the  bottom  of  the  ocean.  During  an  operation  like  this,  the  elastic 
forces,  acting  from  below,  may  often  have  driven  masses  of  fluid  lava 
among  the  superincumbent  strata ;  and,  in  every  case,  the  lava  would 
naturally  be  propelled  through  those  portions  which  were  most  easily 
penetrated— the  lateral  must,  at  every  point,  have  been  equal  to  the 
vertical  pressure.  The  expansive  forces  may  not  at  any  point  hare 
been  able  to  drive  a  column  of  lava  through  all  the  solid  unbroken 
beds,  but  the  lateral  forces  may  have  driveti  a  portion  of  the  fluid 
between  the  partings  of  two.  horizontal  beds;  and  when  a  penetra- 
tion of  this  kind  was  once  effected,  the  lava  like  a  wedge,  would  act, 
to  mechanical  advantage,  and  rush,  in  an  horizontal  stream,  to  a  dis- 
tance proportioned  to  the  elastic  forces,  which  were  in  action." 

The  formation  of  basaltic  dykes  is  suflSciently  explained  by  what 
takes  place  in  the  vicinity  of  volcanoes.  Before  the  confined  vapour 
(hat  afterwards  issues  through  the  crater,  finds  a  vent  there,  the  sur- 
face of  the  ground  in  the  vicinity  of  the  volcano  is  frequently  up- 
heaved, and  fissures  of  great  extent  are  made,  into  which  melted 
lava  is  sometimes  forced,  which  on  cooling  forms  a  wall  or  dyke,  in 
every  respect  similar  to  a  basaltic  dyke.  During  an  eruption  of  Ve- 
suvius that  took  place  in  1 794,  a  rent  of  this  kind  was  formed  near 
the  bottom  of  the  mounuin,  2375  feet  in  length  and  237  feet  in 
breadth,  which  became  filled  with  compact  lava.  Rents  or  fissures 
of  some  miles  in  length  have  been  opened  on  the  sides  of  Etna. 
There  is  abundant  evidence  to  prove,  that  most  basaltic  rocks  were 
erupted  under  the  pressure  of  the  ocean,  and  it  is  probably  owing  to 
cilksumstances  attending  their  refrigeration,  that  they  have  freqaeotfy 
a  columnar  structure. 

The  occurrence  of  thick  beds  of  basalt,  divided  into  regular  pen- 
tagonal or  hexagonal  columns,  and  disposed  in  ranges  of  vast  extent 
and  height,  could  not  fail  to  arrest  the  attention  of  the  most  careless 
observer}  And  give  rise  to  speculations  respecting  their  origin  and  foi> 
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uMidoo.  Basahic  colurons  are  frequendy  seen  i&  coutitrieft  that  are 
ihe  seat  of  volcanic  fires,  but  tbey  occur  also  m  couotries  Yery  re- 
mote from  any  known  yolclinoes.  Tbe  theories  respecting  their  for^ 
nation  will  be  subsequently  adverted  to. 

Few  countries  ia  the  world  presetat  more  magnificent  basaltic  co* 
lymnar  ranges  than  thB  north  part  of  Ireland,  and' some  of  the  He- 
brides :  probably  these  are  connected  under  the  ocean,  and  have  had 
the  same  origin. 

The  Giant's  Causeway  constitutes  a  small  part  of  a  yast  basaltic 
range,  along  the  north  coast  of  Ireland,  in  the  county  of  Antrim. 
The  promontory  of  Fairhead  and  Borgue,  in  the  same  range,  are 
situated  eight  miles  from  each  other  :■  these  capes  consist  of  various 
ranges  of  pillars  and  horizontal  strata,  which  rise  from  (be  sea  to  the 
height  of  five  hundred  feet :  from  their  abruptness  they  are  very  con- 
apicoous,  and  form  a  pile  of  natural  architecture,  in  -which  the  regu- 
larity and  symmetry  of  art  are  united  with  the  wild  grandeur  and 
magnifieeoce  of  nature.  Many  of  the  columns  in  the  ranees  at 
Fairhead  are  one  hundred  and  fifty  feet  in  height,  and  five  feet  in 
breadth*  At  the  base  along  the  shore  is  a  wild  waste  of  rocky  frag- 
ments, which  have  fallen  from  the  clifi^  Immense  masses  that  have 
withstood  the  force  of  the  shock  lie  in  groups,  resembling  the  ruins 
of  enormous  castles.  At  the  Giant's  Causeway,  the  columns  rarely 
exceed  one  foot  in  breadth,  and  thirty  feet  in  height:  they  are  sharp- 
ly defined,  and  the  columns  are  divided  into  smaller  blocks,  or  prism^ 
of  one  foot  or  more  b' length,  which  fit  neatly  into  each  other,  like 
a  ball  and  socket.  The  basalt  is  close  grained,  but  the  upper  joint 
is  cellular.  The  columns  are  most  frequently  formed  with  five  or 
six  sides ;  but  some  have  seven  or  ^ight,  and  others  not  more  than 
three.  Beds  of  basalt  that  are  not  columnar,  in  some  situatk>ns  lie 
over  and  also  under  the  columns.  The  basalt  in  thesfa  beds  is  cellu- 
lar, and  contains  zeolites  in  its  cavities.  The  columns  at  Fairhead 
are  not  articulated  like  those  at  the  Giant's  Causeway ;  but  tbe  blocks 
which  are  of  great  length  in  each  column,  lie  flat  on  each  other. 
Basalt  appears  to  extend  on  tbe  coast  and  inland  about  forty  miles  in 
length  and  twenty  in  breadth. 

A  fall  and  perspicuous  account  of  the  geology  of  this  partof  Ire- 
land is  given  ny  Messrs.  Buckland  and  Conybeare,  in  the  fourth  vol- 
ome  of  the  6eok)gical  Transactions.  It  appears  that  this  basaltic 
range  rests  upon  lias  limestone  containing  marine  shells  and  ammon- 
ites ;  tbe  ba^t  also  entef s  chalk*rocks,  which  are  much  broken  by 
it  and  in  one  nart  a  considerable  mass  of  chalk  is  completely^  envel- 
oped in  basan.  The  ethci  of  a  basaltic  dyke,  in  crystallizing  the 
chalk  oo  each  side  of  it,  has  already  been  mentioned.  Former  ob- 
servera,  unacquainted  with  the  nature  of  the  rock  on  which  the  ba- 
saltic ranges  of  the  Giant's  Causeway  rest,  have  mistaken  it  for  ba- 
salt;  it  is  a  dark  coloured  highly  indurated  limestone,  and  as  it  con- 
tains shells  and  other  organb  remains,  these  remains  were  erroneous- 
ly supposed  to  prove  the  marine  origin  of  basalt 
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The  basaltic  odurops  of  (he  Island  of  Staffii  are  too  weU  kooiro  to 
require  a  description ;  but,  according  to  Dr.  MacCuiloch^fhe  colutaas 
which  form  the  lofty  promontory  caUed  the  Scuire  of  Egg,  another  of 
the  Hebrides,  exceed  in  grandeur  and  in  picturesque  effect  tho»e  of 
Stafia :  they  are  formed  of  black  pitchstone,  oontaiiiing  crystals  of  glos- 
sy felspar.^  ^'  The  promontory  rests  on  a  bed  of  compact  grey  Ym^ 
stone,  approaching  to  a  stone  marie.  This  bed,  which  is  three  or  four 
feet  thick  rests  on  a  still  lower  bed  of  hard  reddish  stone.  Afasses  of 
bituminised  wood,  penetrated  with  carbonate  of  lime,  are  found  in  the 
marie  stratum  not  at  all  flattened.  Portions  of  trunks  of  trees,  retain- 
ing theiroriginal  shape,  but  petrifled  (siliciGed,)  are  found  in  the  saaie 
stratum ;  the  rifts  are  filled  with  chalcedony,  approaching  in  aspect 
to  semi-opal.  The  columns  on  this  island  are  both  perpendicalaraod 
inclined,' and  some  of  them  are  bent  or  ctirred." 

In  TariottS' parts  of  Scotland  and  the  Hebrides,  the  tendency  to  a 
columnar  arrangement  in  the  basaltic  rocks  may  be  distinctly  sees: 
it  is  obscurely  developed  in  the  basalt  of  Arthur's  Seat  near  Edio* 
burgh.  The  .basalt  of  this  hill  appears  identical  with  some  of  tiM 
▼olcanib  mountains  I  examined  in  Auvergne,  particidarly  near  the 
summit  of  Montadoux,  a  mountain  near  Cleremoot. 

In  England  the  columnar  structure  of  some  of  the  besakic  sad 
trap  rocl^  is  observable  in  the  northern  counties,  parttculariy  oa  the 
banks  of  the  river  Tees,  and  at  Swartbfell  near  Ulswater.  In  some 
of  the  basaltic  hills  near  Dudley,  the  columnar  structure  is  developed 
but  the  columns  are  not  separated  and  well  defined.  Prismatic 
h\ocki  of  sienite,  are  scattered  over  a  hill  of  sienite  called  Markfield 
Knowl,  at  Chamwood  Forest  in  Leicestershire. 

Columns  of  porphyritic  trap  or  greenstone  occur  in  groups,  oo 
the  northern  side  of  Cader  Idris  in  Merionethsbirei  One  of  these 
columnar  gtt>u^  is  represented  Plate  V .  fig.  1  • ;  the  outline  of  the 
columns  was  taken  with  a  camera  lucida  by  Henry  Struct,  Esq.  of 
Derby,  and  cannot  fail  to  be  correct;  the  figure  is. introduced,  to 
show  the  relative  magnitude  of  the  columns.  Rocks  of  trap  and  ba- 
salt, both  in  solid  beds,'  and  also  arranged  in  columns  tike  those  of 
Stafia,  were  observed  by  Sir  6.  Mackenzie,  on  the  coast  of  icelaod 
and  also  bt  the  interior ;  the  lower  parts  of  the  beds  and  coIuidds 
contaiped  scoriae  and  slags,  and  .empty  cavities.  A  successive  range 
of  beds  of  basalt  was  also  observed  alternating  with  beds  of  tu£i,  the 
k>wer  parts  of  which  presented  the  same  appearance  of  the  actioo 
of  fire. 

From  the  situation  of  these  rocks,  and  from  the  existence  of  sub- 
marine  volcanoes'  near  Iceland,  Sir  6.  Mackeneie  cooeeives  that 
these  beda  of  basalt  were  fiMrmed  under  the  sea  by  the  ejection  of 
lava,  whichy  flowing  over  the  moist  submiirine  groood,  woidd  confine 
a  portion  of  water  beneath  the  melted  mass :  this  water  would  be 
oonverted  into  elastic  vapour,  or  steam,  which  would  endeavor  to  ex- 
pand :  but  where  the  superiocumbeoc  pressure  of  ^  the  ocean,  or  ibe 
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(eoacity  t>f  ibe  lava,  prevented  its  escape,  it  would  be  compreased^ 
and  roriD  cavities,  or  air  bobbles,  at  the  bottom  of  the  mehed  mass* 
la  other  iostanees,  where  the  fluidity  of  the  lava  permitted  the  ateaia 
from  below  lo  escape  through  it,  the  mass  would  be  compact  aud 
form  sdid  basah,  or  greenstone.  It  might  sometimes  happen  that 
water  woald  be  encl^ed  in  the  cavities  of  the  idass,  which  is  iband 
to  be  the  case  in  some  ba^ah  rocks.  ' 

Thus,  according  to  the  different  eircumstaiic^  of  pressure  from 
the  depth  of  the  ocean,  and  from  the  tenacit]^  of  the  melted  mass, 
Sir  G.  Mackenzie,  supposes  that  porous  and  vesicular  lava,  or  con)* 
pact  basalt,  might  be  formed  from  the  .same  eruption ;  or  the  mass 
might  be  porous  below  and  compact  above* 

As  Iceiaad  is  at  present  die  seat  of  active  volcanoes,  and  as  sub-^ 
marine  volcanoes  are  forming  rocks  near  the 'shores  of  that  island. 
Sir  George  Mackenzie's  explanation  of  the  causes  which  have  pcp« 
doced  the  various  appearances  in  the  basaldo  ranges  of  that  island, 
seems  higUj  probable.  In  Sicily,  the  connection  of  basaltic  with 
volcanic  rocks  has  been  clearly  established  by  Ferrara,  Professor  of 
Natural  PbikMophy  at  Caiania. 

*  In  the  vicinity  oif  Clermont  Ferrand  in  Auvergne,  a  thick  bed  of 
basalt  has  once  covered  an  extensive  tract  of  country;  it  rests  upon 
a  bed  of  volcanic  tufa,  and  the  latter  frequently  covers  beds  of  fresh 
water  limestone.  This  bed  of  basalt,  and  the  subjacent  tufa  and 
limestone,  have  evidently  been  furrowed  and  excavated  by  the  same 
causes,  vAicb  have  excavated  valleys  in  other  parts  of  the  world ; 
benca  the  basak  occurs,  forming,  isolated  caps  on  many  of  the  moun- 
tains. In  some  parts  a  gradation  may  be  traced  in  the  same  bed 
from  a  compact  basalt,  similar  to  that  of  Arthur's  Seat  near  Edin- 
burgh, to  porous  basalt,  approaching  more  or  less  to  the  state  of  sco« 
rtaceous  lava.  But  the  basah  of  Auvergne  belongs  evidently  to  vol- 
eanic  products,  and  will  be  described  in  the  ct^apter  on  volcanoes. 
It  may  be  proper  to  remark,  that  as  the  basalt-  of  Auiwrgne  covers 
beds  of  fresh  water  limestone,  which  belongs  to  the  tertiary  surata, 
ks  age  is  evidently  posterior  to  that  ibrmation  of  limestone,  which  is 
regarded  asthe  most  recent. 

Basak  sometimes  presents  a  globular  structurcf ,  glpbes  of  bard  ba- 
sak being  imbedded  in  a  mass  of  basalt  of  a  softer  kind. 

Wacke  or  earthy  basalt  has  frequently  a  greenish  or  reddish  brown 
eobur ;  it  often  contains  cavities  which  are  generally  filled  with  nod- 
ules of  agate,  or  with  zeolite  or  calcareous  spar.  The  agates  are 
compel  of  concentric  layers,  and  have  apparently  been  formed  by 
silkreoos  -infiltration,  deposidng  successive  coats  within  each  other, 
until  the  cavity  is  filled  up.  Basaluc  rocks  of  this  kind  are  called 
amygdaloids.  The  Hill  of  Kinnoul,  in  the  vicinity  of  Perth,  is  form- 
ed of  basakfe  amygdafeid,  containing  agate  nodules  in^reat  abun- 
dance, of  various  dimensbos  and  beautifully  striped.  At  Woodford 
Bridge,  b  Ohwcestershire,  there  is  a  bw  rock  of  amygdalbidal 
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wacke,  which  is  much  intermixed  with  green  earth,  and  has  in  some 
parts  a  saponaceous  feel ;  the  agates,  which  it  contains  are  decompo- 
sing, and  the  inner  coocentric  layers  are  separated  from  each  other, 
and  present  the  appearance  of  edges  of  folded -paper^  with  small  in- 
terstices between  each.  1  examined  this  singular  rock  in  1816;  it 
was  then  quarried  for  stone  to  niend  the  roads.  In  some  parts  of 
the  rocks,  I  found  masses  of  corallite  of  considerable  size,  enveloped 
in  the  basaltic  amygdaloid.  I  found  also,  in  this  rock,  well  defined 
groups  of  prehnite,  which  was  not  then,  known  to.be  an  English  min- 
eral :  it  has  since  been  discovered  in  the  basalt  of  Suiffi>rdshire. 

The  occurrence  of  organic  remains  enveloped  in  basalt,  of  which 
there  are  various  instances,  may  admit  of  an  easy  e^cplanation,  if  we 
albw  that  basalt  has  once  Sowed  like  lava  at  the  bottom  of  the  ocean. 
Modern  lavas  often  envekpe  bones  and  other  substances  that  they 
meet  with  in  their  c6urse. . 

Having  before  stated  the  phenomena  presented  by  imbedded  trap, 
which  indicate  that,  in  some  instances,  it  has  been  protruded  between 
regular*  strata  laterally,  it  will  be  useful  to  cite  an  instructive  exaa- 
ple  of  beds  of  trap  alternating  with  limestone,  by  successive  deposi- 
tion^ which  is  stated  by  Dr.  Daubeny,  the  present  chemical  professor 
at  Oxford,  in  an  interesting  sketch  of  the  Geology  of  Sicily.  The 
facts  seem  clearly  to  ascertain,  that  beds  of  amygdalotdal  trap,  alte^ 
nating  with  beds  of  limestone,  have,  in  that  island  at  least,  been 
formed  by  successive  currents  of  lava  flowing  over  the  bed  of  the 
sea,  at  intervals  of  time  .so  distant,  as  to  allow  the  deposition  or  for- 
mation of  a  bed  of  limestone,  xywer  each  current  of  lava.  A  consid- 
erable district  near  Leot]ni,^on  the  southern  side  -of  Mount  Etna,  and 
also  a  part  of  the  island  near  Cape  Passero,  are  composed  of  aker^ 
nating  beds  of  lava,  with  tertiary  limestone  abounding  with  or^ganic 
remains  of  madreporites,  nummulites,  cerithea,  and  the  rem&rkabl^ 
fossil  called  the  Hippurite.  $anta  Venera,  the  loftiest  mountain  in 
the  itouth  of  the  island,  is  capped  with  cellular  lava ;  beneath  it  is  a 
bed  of  limestone  with  minute  shells ;  at  a  lower  level,  towfirds  Len- 
tini,  there  is  a  second  bed  of  volcanic  matter  similar  to  the  first;  and 
two  other  similar  alternations  of  beds  of  limestone  and  lava  occur 
still  lower  down.  Dr.  Dqubeny  says  that  the  cellular  and  lemi- 
vitreous  aspect  of  many  of  the  volcanic  beds  associated  with  the  beds 
of  limestone,  precludes  all  doubt  respecting  the  manner  of  their 
formation :  the  character  of  other  portions  presents  strong  analogies 
to  rocks  of  the  trap  fjtmily ;  "  they  are  compact,  and  have  a  stoe; 
fracture ;  they  contain  crystals  of  olivine,  and  the  cavities  are  filled 
with  calcareous  spar  or  zeolites,  like  the  amygdaloids  of  more  an- 
cient strata.  In  some  of  the  l^^ds,  a  tendency  to  a  columnar  a^ 
rangement  is  discernible." 

This  account  of  Dr.  Daubeny's,  affi>rds  additkmal  proof  of  the 
close  connection  of  ancient  volcanic  rocks  with  trap  rocks,— 'may 
we  "Dot  add,  of  their  perfect  identity  ?    It  is  beside  highly  illustrative 
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of  the  akernatioQ  of  the  beds  of  basaltic  amygdaloid,  with  beds  of 
limescooe  in  other  situations.    But  io  both  instances,  we  must  admit 
that  the  beds  were  formed  under  the  ocean,  before  the  present  islands 
and  cootiDeDts  had  emerged  from  the  watery  abyss.    With  respect 
to  Etna,  the  alternation  of  lava  and  limestone  affi>rds  decisive  evi- 
dence, that  this  mountain  was  upheaved  from  the  ocean,  though  its 
height  may  have  beea  greatly  augmented  by  eruptions  of  lava,  «nce 
the  period  of  its  first  elevation.    Before  concluding  the  account  of 
interstratified  basalt,  it  may  be  proper  to  mention,  that  Mr.  William 
HuttOD,  in  a  paper  lately  read  to  the  Geological  Society  of  London, 
maintains,  that  the  great  bed  of  basalt  in  Northumberlandt  called  the 
whinstone  sill,  was  deposited  over  the  limestone  beds  on  which  it 
rests,  and  not  protruded  laterally  between  them :  though  he  admit8» 
with  Professor  Sedgwick,  that  the  basakic  beds  in  Teesdale  were 
protruded  in  the  manner  before  described.    In  some  cases,  it  may 
be  extremely  difficult  to  jdetermine  whether  a  bed  of  basalt  has 
flowed  like  lava,  or  been  protruded  laterally,  because  two  strata  of 
hard  limestone,  for  example,  are  often  separated  by  seams  of  soft 
clay,  which  would  dispose  the  beds  to  yield  to  a  lateral  pressure  in 
the  direction  of  the  strata,  and  the  injected  basalt  would  take  the 
form  of  a  regular  stratum. 

Mr.  Huttoo  admits,  that  in  some  instances,  the  limestone  over  the 
basalt  had  suffered  the  same  effects  of  igneous  action  as  the  lime- 
stone bek>w  it.  These  instances,  1  think,  afibrd  satisfactory  evidence, 
that  the  basalt  was  protruded  between  the  bedsjof  limestone. 

The  disturbances  and  contortions  of  some  of  the  lower  beds  of 
transition  limestone,  in  the  vicinity  of  trap,  rocks,  were  mentioned  in 
Chap.  Vn.  In  such  instances,  though  frequently  no  visible  connec- 
tKHi  between  the  rocks  of  trap  and  limestone  can  be  traced  on  the 
surface,  there  can  be  little  doubt  that  such  connection  exists.  The 
singularly  bent  limestone  beds  at  Wren's  Nest  Hill  near  Dudley  are 
at  m  considerable  distance  from  the  nearest  basaltic  hill ;  but  I  ob- 
served in  the  town  of  Dudley,  where  a  well  was  sinkings  that  the 
stooe  thrown  out  was  granular  basalt,  intermixed  with  calcareous  spar. 

Some  species  of  trap  rocks,  and  particularly  the  softer  kinds  of 
basalt,  decompose  rapidly,  and  form  productive  soils  and  marie.  I 
am  inclined  to  believe,  that  some  of  the  most  fertile  soib  in  England 
were  formed,  by  an  intermixture  with  decomposed  basaltic  rocks. 
What  has  been  called  basaltic  tufa,  is  a  volcanic  substance,  .and  will 
be  described  among  volcanic  products.  Some  of  the  trap  rocks, 
particularly  the  porphyritic  traps,  are  metalliferous ;  but  it  is  rarely 
the  case  with  any  of  the  British  trap  rocks,  and  it  has  before  been 
stated,  that  the  veins  of  lead  ore  jn  Derbyshire,  are  either  cut  off 
by  beds  of  basalt,  or  generally  cease  to  yield  ore,  when  passing 
through  basalt. 

Having  described  the  principal  phenomena  attending  trap  rocks, 
whether  occurring  in  dykes,  in  unconformable  masses,  or  intersoraii- 

Id 
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fied  with  other  rocks,  it  may  be  proper  to  mention  certain  ex  peri* 
ments  that  have  been  made,  to  elucidate  the  formation  of  basaltic 
rocks.  All  trap  rocks  are  fusible,  and  most  of  them,  after  melting, 
form  a  blackish-green  glass :  hence  it  was  inferred,  that  trap  rocks 
bad  never  been  in  a  state  of  fusion ;  for  if  they  bad,  they  would 
have  been  rendered  vitreous.  Sir  James  Hall,  however,  reflecting 
on  the  long  period  of  refrigeration  that  vast  masses  of  melted  rock 
would  necessarily  require,  before  they  were  cooled  to  the  conftmon 
temperature  of  the  earth,  was  induced  to  make  experiments  on  lava 
and  basalt;  from  which  it  was  ascertained,  that  if  a  small  portion  of 
liquid  lava  were  suddenly  cooled,  it  formed  a  black  glass,  as  was 
well  known  to  be  the  case  with  basalt,  but  if  the  process  of  cooKng 
were  slow,  both  mehed  lava,  and  basalt  became  stone.  When  the 
ghiss  which  had  been  formed  by  sudden  cooling  was  melted  again, 
and  snfiered  to  cool  very  gradually,  it  lost  its  vitreous  character,  and 
was  converted  into  a  substance  resembling  basalt.  Mr.  Gregory 
Watt  made,  in  one  of  bis  father's  furnaces,  some  experiments  on 
the  fusion  and  refrigeration  of  basalt,  which  throws  much  additional 
light  on  th^  formation  of  the  globular  and  columnar  structure  of  ba- 
saltic rocks.  He  fused  seven  hundred  weight  of  the  Dodley  basah 
called  Rowley  ragg,  and  kept  it  in  the  furnace  several  days  after  the 
fire  was  reduced.  It  melted  into  a  dark-coloured  glass,  with  less 
beat  than  was  necessary  to  melt  the  same  quantity  of  pig-iron.  In 
this  glass,  small  globules  were  formed,  which  afterwards  disappeared ; 
and  as  the  cooling  proceeded,  the  mass  was  changed  from  a  vitreous 
to  a  stony  substance :  other  globes  were  again  formed  within  the 
stony  mass,  which  continued  to  enlarge  ontil  their  sides  touched  and 
pressed  against  each  other,  by  which  pressure  the  globes  formed 
polygonal  prisms.  If  part  of  the  mass  were  cooled  before  the  gk)b- 
ular  structure  was  destroyed,  these  globes  were  harder  than  the  snr- 
ronnding  stone,  and  broke  in  concentric  layers.  In  this  manner,  the 
balls  of  basalt  and  porphyry  which  fall  out  of  decomposing  rocks 
were  probably  formed ;  ihey  derived  their  superior  hardness  from 
the  crystalline  arrangement  of  the  particles,  when  in  a  melted  state. 
When  these  globes  were  enlarged  by  a  continuation  of  the  same  pro- 
cess, they  might  press  on  each  other,  and  form  prisms.  The  upper 
prisms  pressing  by  their  weight  upon  the  lower,  might  form  concavi- 
ties or  sockets,  into  which  they  would  sink,  and  remain  joined  to- 
gether or  articulated.  Such  is  frequently  the  structure  of  basaltic 
columns. 

Another  experiment,  made  by  Sir  James  Hall,  on  the  crystallisa- 
tion of  common  limestone  by  heat,  and  its  conversion  into  roarUe, 
tends  to  elucidate  the  effects  produced  by  basaltic  rocks,*  on  lime- 
stone and  chUk  before  mentioned.  Dr.  Hutton  had  advanced  the 
opinion,  that  beds  of  limestone  were  formed  of  the  shells  and  exuvie 
olf  marine  animals,  which  bad  been  melted  by  central  fire,  and  crys- 
tallized.   The  first  part  of  this  theory  respectmg  the  entire  forma- 
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aoB  of  calcareous  rocka  from  aoimal  remains,  it  is  not  necessary  to 
discuss  at  present :  that  a  considerable  portion  of  many  limestone 
rocks  was  so  for/ned,  cannot  be  denied.  It  was  however  objected 
to  this  theory,  that  the  well  known  action  of  fire  on  limestone  rocks 
would  expel  the  fixed  air,  and  render  them  soft  and  pulverulent. 
To  this  objection  it  was  replied,  that  as  the  action  of  central  beat  en 
beds  of  marine  shells  took  place  under  the  ocean,  the  pressure  of 
the  water  would  prevent  the  escape  of  the  fixed  air,  and  would  prob* 
ably  render  the  calcareous  earth  more  fusible.  This  answer  was 
regarded  as  a  mere  hypothesis  for  some  time,  but  Sir  James  Hall 
determined  to  tiy  its  validity  by  experiments.  Having  calculated 
the  resistance  which  a  column  oi  water  fifteen  hundred  feet,  or  any 
given  depth,  would  present  to  the  escape  of  fixed  air,  he  enclosed  a 
quaouty  of  powdered  chalk  in  a  gun  barrel,  and  confined  it  in  such 
a  manner  as  to  present  an  equal  degree  of  resistance*  He  subjected 
the  powdered  chalk  thus  confined,  to  the  acuon  of  a  furnace ;  after 
some  time  it  was  drawn  out  and  cooled,  and  was  found  convert* 
ed  into  crystalline  limestone  or  marble ;  and  in  one  instance,  where 
the  chalk  enclosed  a  shell,  the  shell  had  acquired  a  crystalline  tex» 
ture,  without  losing  its  form.  Hence,  in  situations  where  chalk  or 
earthy  limestoue  are  found  to  have  a  crystalline  texture,  when  in  con* 
tiguity  with  trap  rocks,  we  may  with  a  high  degree  of  probability  in* 
fer,  that  the  limestone  had  been  fused  by  the  t^p* 

A  recapitulation  of  the  facts  and  experiments  which  prove  the  ig« 
neous  origin  of  trap  rocks,  would  afford  a  mass  of  evidence  which 
might  convince  the  most  sceptical  enquirer ;  but  such  a  recapitula- 
tioa  ia  needless,  as  in  many  situations  undoubted  currents  of  lava 
pass  into  trap  rocks,  and  we  have  ocular  demonstratbn  of  the  fact* 

The  reason  why  geologists  were  so  long  opposed  to  the  igneous 
origin  of  basaltic  rocks,  may  be  explained  partly  by  the  attachmcAt 
to  received  theories,  and  partly  by  tb^  reluctance  to  admit  a  coodi* 
tion  of  our  planet,  so  remote  from  present  experience.  It  was  thought 
an  ample  claim  on  our  credulity,  when  we  were  required  to  believe, 
that  all  the  habiuible  parts  of  the  globe  had  been  for  ages  submerged 
in  the  ocean,  without  requiring  the  further  belief,  that  countries  now 
Demote  from  active  volcanoes,  had  been  repeatedly  subject  to  the 
agency  of  subterranean  fire.  Yet,  both  these  positions  must  be 
granted,  if  we  will  allow  a  legitimate  induction  from  established  facts* 

The  advocates  of  the  aqueous  origin  of  basaltic  rocks,  while  th^ 
advanced  theories,  which  made  claims  upon  our  faith,  equally  un- 
supported by  present  experience,  failed  entirely,  in  their  attempts  to 
explain,  in  a  satisfactory  manner,  the  causes  of  existing  phenomena. 
The  theory  of  Werner  was,  for  some  time,  zealously  supported,  and 
particularly  the  least  tenable  part  of  it,— the  formation  of  basaltic 
rocks  by  a  second  rising  of  the  ocean,  which  deposited  them  on  the 
summits  of  elevated  mountains.  It  may  be  proper  to  give  a  brief 
account  of  this  part  of  the  Wernerian  system,  before  it  sinks  inta 
entire  oblivion. 
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According  to  the  theory  of  Werner,  all  the  superficial  parts  of  the 
globe  were  once  in  a  state  of  aqueous  solution,  from  which  the  ma- 
terials were,  at  first,  separated  by  chemical  deposition  in  a  crystalline 
state,  and  formed  a  thick  mass  of  granite  round  the  globe.  Upon 
granite,  the  primary  rocks  were  successively  deposited,  forming  lay- 
ers o?er  each  other  like  the  coats  of  an  onion.  Over  these  agaia 
were  laid  the  transition  rocks ;  and  next,  the  earthy  stratified  rocks. 
Each  of  these  layers  was  supposed  to  encircle  the  globe,  or  to  be  an 
universal  formation.  While  this  process  was  going  on,  the  waters 
were  gradually  retiring,  and  became  turbid :  hence  the  roateriab 
which  they  deposited,  to  form  the  upper  strata,  were  more  earthy 
than  those  of  the  primary  rocks ;  they  were  ^also  intermixed  with 
fragments  of  the  rocks  previously  formed.  According  to  this  sys- 
tem, mountains  and  valleiys  were  caused  by  the  original  inequality  of 
the  nucleus  of  the  earth.  So  far,  the  parts  of  Werner's  theory  are 
consistent ;  and  we  have  a  world  ready  made,  in  which  every  thing 
might  be  supposed  to  remain  quiet;  but — non  »ic  Fata  itnun^;-- 
Neptune,  ashamed  of  his  late  retreat,  and  indignant  at  his  coofioe- 
ment  in  such  narrow  limits,  calls  the  infernal  deities  to  his  assistance, 
and  rising  in  his  might,  once  more  takes  possession  of  the  globe.  He 
covers  it  with  the  depurgations  of  his  turbid  waves :  but,  again  be  is 
compelled  slowly  and  reluctantly  to  retire  from  the  field,  leaving  be- 
hind him  the  basaltic  rocks,  the  monuments  of  his  triumph  and  bis 
diame.  Such  is,  in  substance,  the  theory  of  Werner  respecting  the 
origin  of  all  the  superincumbent  rocks  of  basalt  and  trap.  They 
are,  also,  according  to  this  theory,  universal  formations.  It  is  scarce- 
ly possible  for  the  human  mind  to  invent  a  system  more  repagnant 
to  existing  facts.  Were  basaltic  rocks  deposited  from  a  solution 
which  covered  the  globe  after  the  formation  of  secondary  strata,  as 
Werner  supposes,  every  part  of  the  dry  land  and  every  valley  must 
have  been  incrusted  or  filled  with  basilt, — it  would  be  the  prevailing 
rock  of  every  district.  On  the  contrary,  basalt  exists,  only  in  pa^ 
ticular  situations,  forming  dykes,  and  overlying  masses  or  beds  of 
limited  extent:  nor  do  fragments  of  basalt  occur,  in  any  quantity, to 
warrant  the  belief  that  it  was  ever  formed  universally  over  the  globe: 
and  what  is  here  said  of  basalt,  applies  equally  to  all  unconformable 
rocks  of  porphpry,  and  the  other  trap  rocks.  Nothing  but  the  ob- 
ficure  language  in  which  this  doctrine  of  Werner  was  advanced, 
could  have  prevented  its  absurdity  from  being  instantly  perceived 
and  acknowledged. 

With  respect  to  the  relative  age  of  trap  rocks,  it  is  evident,  that  ii 
they  are  of  igneous  origin,  they  may  have  been  formed  at  any  period. 
We  have  certain  indications  that  basaltic  rocks  were  formed  at  dififer- 
ent  epochs ;  sopfie  of  the  basaltic  dykes  which  cut  through  the  coal 
strata  in  the  northern  counties,  do  not  enter  the  magnesian  limestone 
that  covers  the  coal  strata.  Hence  it  is  clear,  that  such  basaltic 
dykes  were  formed  before  the  magnesian  limestone  was  deposited  :^ 


COUTIIVAB  TRAP  IN  THE  UNITED   BTATXf.  149 

the  Clevekwd  basak  dyke  passes  dirough  many  of  the 
aecoodary  strata,  above  the  magnesian  limestone,  and  is  the 
posterior  formatioD  to  that  rock. 

Amoog  the  k)calities  of  columnar  basalt  given  in  a  prei 
of  the  present  chapter,  I  omitted  to  state  that  there  are  v 
sive  rmnges  of  columnar  trap  in  some  of  the  northern  Uniti 
in  America.  Professor  Silliman,  in  the  seventeenth  voluqie 
American  Joamai  of  Science,  has  given  a  very  clear  descriptioo  of 
the  basaltic  range  which  divides  the  states  of  Connecticut  and  Mas- 
sacbuaeua,  extending  one  hundred  and  twenty  miles  in  length,  and 
from  thvee  to  twenty  miles  in  breadth.  It  was  believed  a  few  years 
since  in  England,  that  there  were  no  basaltic  rooks  in  the  United 
Sutes.  Messrs.  C.  T.  Jackson  and  Francis  Alger  of  Boston  in 
NewEngtaad  have  recently  published  ^Remarks  on  the  Mineralogr 
and  Ge^>gy  of  Nova  Scotia,^'  with  coloured  plates,  representing  the 
immense  ranges  of  basaltic  rocks  on  the  shores  of  that  peninsula. 
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CHAPTER  X, 

A  EXTE08P£CTira  TIKW  OF  CSETAIN  QBOLOOICAL  FACTS  ARO  Oh 
rBRSNCKS.*— BBLATIVB  AiQES  OF  MOUNTAIN  RANGES*— PRIUM* 
IKABT  OBSEBTATIONS   ON   THE   SEC'oNOABT   BTBATA* 

Before  we  proceed  to  the  Upper  Secondary  Rocks,  it  may  be 
useful  CO  review  some  of  the  leading  facts  stated  in  tbe  preceding 
chapters,  and  to  notice  certain  enquiries,  which  may  oatoralfy  present 
tbemselFes  to  the  mind  of  tbe  geological  student.  It  appears  from 
an  examination  of  the  crust  of  the  globe,  wherever  it  has  been  sci* 
entiGcally  explored,  that  there  is  an  order  of  succession  or  superposi- 
tion in  the  rocks  of  every  country,  which  may  often  be  traced  over 
a  considerable  extent ;  and  that  in  countries  very  remote  from  each 
other,  an  approximation  to  a  similar  order  is  observable,  except  io 
one  class  of  rocks  which  are  obtruded  irregularly,  and  cover  other 
rocks  without  any  determinate  order  of  succession,  as  described  io 
the  last  chapter.  The  succession  of  the  several  dasse$  of  rock,— 
the  primary,  transition,  secondary,  and  tertiary, — ^may  be  regarded 
as  certain,  where  they  occur  together.  Nor  is  the  universality  of 
this  succession  affected  by  accidental  disturbances,  which,  in  a  few 
instances,  have  overturned  beds  of  primary  rocks,  and  thrown  them 
upon  secondary  strata.  In  such  cases,  the  latter  are  thrown  out  of 
their  natural  position,  as  much  as  when  a  block  of  granite  b  carried 
by  inundations,  upon  rocks  of  recent  formations.  The  few  cases  in 
which  granite  is  described  as  rising  through  and  covering  secondary 
strata  require  critical  examination ;  and  geologists  should  be  particu- 
larly upon  their  guard,  to  avoid  being  misled  by  erroneous  or  fabu- 
lous sections  of  foreign  localities.     See  p.  65. 

The  succession  of  the  different  members  of  any  one  class  of  rocks, 
is  by  no  means  so  de6nite  as  that  of  the  classes  themselves.  W^l 
beds  common  in  one  country  cannot  be  discovered  in  another,  and 
hence  it  may  be  difficult  to  determine  what  part  of  a  series  ihey 
occupy. 

It  is  easy  to  conceive,  that  the  cause  or  causes,  whatever  they  may 
be,  which  have  formed  certain  rocks,  have  been  limited  in  the  extent 
of  their  action,  as  we  know  to  be  frequently  the  case  on  a  smaller 
scale,  where  a  stratum  of  sandstone.  Sec.,  after  preserving  its  regular 
thickness  for  several  miles,  becomes  gradually  narrower,  till  at  length, 
in  the  language  of  the  miner,  it  u>edge$  ou^,  and  the  strata  above  and 
beneath,  come  into  immediate  contact.  In  otfier  instances,  the  rock 
which  is  interposed  between  two  well  known  and  identical  rocks,  m 
distant  districts,  is  not  the  same  in  both :  this  may  be  frequently  ob- 
served among  the  secondary  strata,  which  will  next  be  described. 
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h  sucb  eases,  the  difierent  kmAs  ttait  occur  in  the  same  geological 
position,  have  been  called  equivalents  of  each  other.  An  instance, 
mentioned  in  a  preceding  chapter,  may  serve  to  explain  what  is  meant 
by  a  geological  equivalent.  In  the  beds  of  transition  limestone  at 
UanjnijrDab,  which  are  very  regularly  stratified,  one  stratum  of  tbe 
best  Kmestone  snddenly  terminates,  i|nd  its  place  is  supplied  by  a 
bed  of  marie  of  equal  thickness ;  in  the  same  manner  as  we  might 
suppose  part  of  a  coarse  of  bricks  ta  be  taken  out  of  a  wall,  and  its 
place  filled  up  with  clay ;  the  clay  would  be  the  equivalent  of  the 
course  of  bricks. 

In  man^  of  tbe  k>wer  conformable  rocks,  there  is  a  tendency  to 
reprodoctioD  in  the  upper  parts  of  the  series :  thus,  though  the  regu- 
lar order  of  sitccessioo  may  be  granite,  gneiss,  mica-slate,  and  slate 
(the  cJay-slate  of  Werner),  we  often  find  beds .  of  granite  among 
gneiss  and  mica^Iate,  and  sometimes  even  in  slate.  When,  however, 
we  ooastder,  that  the  chemical  composition  of  all  these  rocks  is  very 
nearly  tbe  same ;  that  silex  forms  on  the  arerage  three  fourths  of 
their  constituent  parts,  and  alumine  about  one  sixth  or  one  eighth,-— 
tbe  proportions  ol  tbe  remaining  parts  cannot  greatly  affect  the  condi- 
tion of  the  mass ;  and  it  is  to  the  circumstances  (whatever  they  ftiay 
be)  which  have  occasioned  a  more  or  less  rapid  consolidation  of  the 
parts,  that  we  ought,  probably,  to  attribute  tbe  formation  of  granite  in 
one  part  of  a  mountain,  and  of  gneiss,  mica-slate,  or  slate  in  another, 
and  the  re-appearance  of  granite  above  tbe  latter  rocks.  'An  eqquiry . 
naturally  soggesrs  itself,  on  observing  that  the  order  of  succession  in 
rocks  is  not  invariably  the  same  in  distant  countries.  Are  the  simi- 
lar rock  formations  in  distant  parts  of  tbe  world  contemporaneous  ^ 
or  were  rocks  of  dtffisrent  classes  forming  at  the  same  period  ?  Is  the 
granite  of  England,  for  instance,  more  or  less  ancient  than  the  gran- 
ice  of  tbe  Alps?  Or,  are  the  secondary  strata  of  one  country  as  old 
as  the  primitive  rocks  of  another  ? 

Were  it  not  for  the  organic  remains  in  difierent  rocks,  we  could 
not  (as  Cuvier  has  well  observed)  be  certain  that  all  rocic  formations 
were  not  contemporaneous.  With  respect  to  those  rocks  which  con- 
tain no  organic^  remains,  and  under  which  there  are  no  other  beds 
containing  organic  remains,  we  tsannot  ascertain  whether  they  were 
cooteniporaneous,  or  formed  at  difierent  and  distant  epochs.  The 
beds  of  granite  which  are  nearly  vertical  in  mountain  ranges,  must 
bare  acquired  a  considerable  degree  of  solidity,  before  the  period 
when  tbe  beds  were  raised :  but  if  we  date  their  age  from  tbe  epoch 
of  their  elevation,  we  shall  he  obliged  to  admit  the  different  ages  of 
granite  mountains,  and  that  the  granite  of  Charnwood  Forest  is  niort 
ancient  than  that  of  the  Alps.  Of  this  we  have  as  direct  proof  as 
we  coald  possibly  require.  In  the  Alps,  the  beds  of  the  upper  se- 
condary strata,  analogous  to  our  magnesian  limestone,  lias,  and  oolite, 
where  tbey  approach  the  central  granitic  range,  are  raised  into  nearly 
a  vertical  position  conformable  to  that  of  the  beds  of  granite,  and 
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the^  must  all  have  been  elevated  at  tbe  same  time. — See  Plate  11. 
fig.  2.,  where  the  relative  situation  of  the  beds  of  upper  secoadtrj 
limestone  is  represented,  a,  a.* 

At  Chamwood  Forest,  in  Leicestershire,  very  highly  inclined  bedi 
of  granitic  and  slate  rocks  are  covered  with  horizontal  beds  of  the 
upper  secondary  strata,  analogous  to  those  in  the  Alps.— See  Phte 
Ii«  fig.  4.  a.  a.  Now  it  is  evident  that  the  beds  of  granitic  and  slate 
rocks  were  rajsed  before  the  horizontal  strata  were  deposited  upoa 
them,  Hence  we  attain  the  knowledge  of  an  interesting  fact  in  the 
natural  history  of  our  island :  its  beds  of  primitive  aqd  transitioQ 
rocks  were  raised  before  the  beds  in  the  mountains  of  Savoy  tnd 
Switzerland,  nor  can  this  conclusion  be  mvalidated,  unless  we  admit, 
what  would  be  contrary  to  analogv,  that  secondary  strata,  possessiog 
the  same  geological  relations  and  the  same  organic  remains,  were 
formed  at  dififerent  epochs.  I  have  cited  the  Chamwood  Forest 
hills,  because  there  the  proof  is  more  direct  and  palpable  than  at  the 
Malvern  Hills  or  elsewhere,  for  the  horizontal  upper  secondary  strati 
may  be  seen  resting  immediately  on  highly  mchoed  beds  of  granitic 
and  schistose  rocks. 

Tbe  horizontal  beds  resting  on  tbe  Chamwood  Forest  granite  and 
slate,  are  composed  of  sandstone  (a  part  of  the  red  marie  and  sand- 
stone formation),  and,  at  a  little  distance,  the  sandstone  is  covered  hj 
strata  of  lias  limestone,  e,  which  determine  its  relative  age.  In  some 
parts,  the  sandstone  strata  also  cover  the  coal  strata ;  the  latter,  d^it 
rise,  very  abruptly  as  they  approach  the  granite  io  tbe  north.  At  die 
Vosges  mountains  in  France,  the  same  red  marie  and  sandstone,  as- 
sociated with  lias,  covers  the  granite  and  coal  strata  unconformablj. 

When  M.  Daubuisson  published  his  Traitede  CUognaiie  in  1819, 
he  asserted,  that  the  beds  of  granite  in  the  Alps  were  raised  mto  their 

i present  vertical  or  highly  inclined  position,  soon  after  their  original 
brmation.  I  visited  the  Alps  in  tne  two  followiog  years,  and  die 
appearances  presented  by  the  secondary  strata  compelled  me  to  draw 
a  very  different  inference  respecting  the  period  when  the  beds  of 
granite  were  elevated,  which  I  stated  in  the  second  volume  of  my 
Travels,  published  in  1 823. 

<*  One  important  fact  may  be  deduced  from  these  elevated  beds  oi 
pudding-stone,  sandstone,  and  other  strata,  comparatively  nDodem, 
ranging  conformably  with  beds  of  granite  and  gneiss ;  namely,  that 
the  beds  of  granite  did  not  acquire  their  elevated  position  tiU  aftei 
the  formation  of  the  secondary  strata.  In  England,  the  elevation  ol 
the  beds  of  granite  was  anterior  to  the  deposition  of  tbe  upper  stratii 
consisting  of  magnesian  liroestode,  lias  limestone,  oolite,  chalk,  and 


*  The  calcareous  mouD tains  in  the  outer  ranges  of  the  Alps,  removed  from  tbi 
central  granite,  are  often  bent  into  arches  as  represented  in  Plate  II.  fig.  2.  rr,  y^  * 
Such  beds,  of  course,  cannot  be  conformable  to  those  nearer  the  graaite. 
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the  intenreiliog  mo^ones ;  ibr  aU  these  strata  lie  nearly  iat  o?er 
the  edges  of  the  iiidiDed  under  strata.  On  thexootrary,  id  Savoji 
strata  of  similar  forroatioDS  occur  nearly  vertical,  and  frequently  coo* 
fornipbte  to  the  range  and  tlip  of  die  granitic  forinatioos.  These 
(acts  «0ult)  pipve,  that  the,  causes  which  have  elevated  granite,  have 
acted  Hit  difiereot  epochs,  op  various  parts  of  the  globdi  unless  we  are 
prepared  to'adnaitf  that  similar  calcareous  formations,  containing  sim- 
ilar organic  remains,  were  not  cotemporaneous  in  differeni  countries." 

in  tbe  laner  part  of  the  same  volume  I  further  stated,  that  as  soibe 
of  the  strata  on  the  Diableret  mountains  in  the  Vallaia  pontain,  at  the 
height  of  seven  tbodsand  feet,  fossils  similar  to  ^those  of  the  tert'fary 
strata  in  the  Paris  Basin«  it  was  mere  reasonable  to  heli^ve,  tint  tjiej 
bad  been  raised  since  iheir  deposition,  than .  ihat  fresh«water  fiorma* 
tidns  had  covered  any  part  of  the  earth  at  *  such  a  vast  elevation  | 
and  hence  we  majr  infer,  that  the  epoch  *whea'  tl|e  giraiiile  of  the 
Aim  wiiataised,  is  comparatively  recent.*  :  *.  ^• 

When  v.  Daubuisson  published  his  Geo^oM,  both  fae^adalmof^l 
all  the  French  gedogists  adopted  the  theory  of  Werner,  respecting 
the' farmation of  granite  prior  to  all  other  rocks:  if;  therefore;  the 
elevatioH  of  ils  beds  toolc  place  soon  after  its  originallformation,  this 
elevatioii  preceded  the  deposition  of  the  secondary  strata  by  many 
geological  a^es,  and  could  have,  had  ocefiect  on  the  position  of  beds 
which  did  not  then  exist.  My  views  with  respect 'to  the  different 
ages  of  gnbiitic  ranges,  and  the  discovery  or  the  true  secondary 
cbaractbr  of  the  calcareous  moqtitains  in  the  Tarentaise,  have  since 
been  broogfat  forward  by.  some  French  geologists,  as  ilieir  ^ngibal 
diaedveries.  -  My  observations'i^ere  «iade  jn  the  year  1820,  at  which 
dotie  they'  would  have  been  warmly  opposed  in  France ;  and  the  an- 
swer to  tbem  jfould  have  been,  "  Ha^e  we  wot  had^^  Eeok  de  Mines 
at  Moatiers  in  the  centre  of  the  TacentaisCi  where  some  of  our  f  rtt 
ebemisis  and  geologists  resided  for  a  long  time?  we^  n>ust  therefore 
know  Ae  true  character  of  the-  country  bettei*  than  liny  oceasiooal 
visiter.'' 

It  is  not  however  certain,  that  tb^  elevation  of  beds  of  ^gr^niie  or 
other  primary  rocks  might  not  take  place  deepunder  the ocean^  and 
aikrmore  extensive  elevating  power  majr,  lit  a  later  period,  have 
been  required  to  raise  them  ^bove  ihe  wav^,  until  they  formed  is- 
lands ^nd  conthients.  Indeed  «uch  most  |)ave' been  the  case,  where 
pnmary  rocks  are  covered  with  nearly  boriisontal  strata  of  marine  or 
aqueous  fornication.  '  Even  the  nearly  hori^tontal  .beds  of  red  marl, 
that  cover  the  elevated  beds  of  granite  on  Charnwood  Forest,  iptist 
have  beeq  formed  or.  deposited  under  water,:  the  whole,  therefore, 

: : L_ . : . ,     '  S 

*  Since  the  aathor  published  his  opinion,  in  1833,  respecting  the  i^ecent  elevation 
of  the  Alps;  foanded  on  an  attentive  examination  of  the  stractore  of  the  l^ennine 
and  Bernese  Al](i6,  M,  Von  Buc|i,  M.  L.  Elie  de  Beaumont,  and  M.  Abdre.de  Luc, 
of  Qeneva,  have  cdvanced  similar  opinions,  and  stated  that  the,  elevation  of  ibo$e 
mountains  todk  place  after  the  formation  of  the  tertiary  strata.    ' 

20 
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have  been  raised  together,  when  that  part  of  England  emerged  from 
the  ocean ;  unless  the  red  marl  was  formed  in  a  mediterranean  lake 
or  sea,  surrounded  by  distant  high  ground.  Adopting^this  riew  (A  the 
subject,  though  we  may  be  certain  that  the  beds  of  granite  in  EndiDd 
were  elevated  before  those  of  the  Alps,'  it  does  iiot*  follow  t)iat  Eng- 
land must  necessarily  have  been  dry  landi  befon?  the  Alps  of  Savoy. 
Since,  therefore,  the  elevation  of  the  beds  in  niountain  ranges,  may 
liave  preceded  their  final  emergence  above  the  ocean,  this  consider- 
ation deprives  the  investigation  into  the  relative  antiquity  of  the  eleva- 
tion of  the  beds  in  mountain  ranges  of  much  of  its  value. 

Before  proceeding  to  describe  the  secondary  and  tertiary  forma- 
tioos,  I  shall  offi?r  some  preliminary  observations,  connected  witbtJM 
enquiry  resppBcting  the  relative  age  of  the  diflferent  bedB.  Wbire  i 
shntlarity  of  mineral  character^  and  a  similar  association  with  otkst 
beds  iff  observed  in  different  districts,  we  may  sometimes  infer  tkt 
their  origin  Avas  cotemporaneous ;  but  when  the  organic  reniaios  sre 
als6  the  byame  in  both,  we  'ifttain  a  (uU  conviction  of  the  fact. 

It  will  not  be  denied  that  the  chalk  and  oolite  in  Yorkshire,  were 
cotediporadebus  with  certain  parts  of  the  chalk  and  oolite  formatiops 
in  tlie  southern  and  western  counties.  In  the  same  ipanner,  we  majr 
adroft,  that  the  chalkj  and  t>olite,.and  lias,  on  the  opposite  side  of 
the  Channel,  in  France,  are  cotemporaneous  witK  similar  fornraiioQS 
in  England,  with  whieh  they  preserve  an  identity  of  mineralogical 
and -zoological  characters.  Having  once  traced  tl^ese  formations  lo 
the  nprtbof  France,  we.may  admit  Uieir  identity  with  similar  (brmt- 
tions,  preserving  the  same  identity  of  character  through  many  of  the 
inland  depaHments  of  France,  and  to  the  Salins  at  the  foot  of  ihe«hira 
range.  Over  so  large  an  extent  of  country  we  may  expect  to  find, 
as  We  do  tn  distant  districl$  in  Enaland,  :that  certain  part^of  a  series 
Which  occur,  in  *a^  certain  formation  in  6ne.  place,  are  wadtidg  m 
another.  In  France,  spme  beds  occur,  under  the  lias,  for  instance, 
which  have  not  hitherto  been  found  in  Great  Britain  :  but  making  al- 
lowance for  such  partial  variations,  we  cannot  hesitaite  to  admit  the 
identity  of  the  formations  in  both  countries,  and  also  their  identity  of 
«ge.  Whenwe  enter  the  Jura,  or  the  great  calcareoito  ranges  of  the 
Alps,  the  enormous  thickness  ef  the  beds,  which  are  frequently  ioac- 
cessifole,  and  the  indurated  and  suborystaliine  texture  which  they  of- 
ten assume^  present  considerable  difficulties,  if  we  attempt  to  ideotily 
tbem  with  well'  known  formations.-  Much  confusion  and  contrariety 
ihay  be  observed  in  Ihe  classification  of  these  rocks  by  difierent  geolo^ 
gists  'f  but  this  has  arisen  partly  from  the  observersoot  being  thoroughly 
acquainted  with  the  .  formations  with  which;  they  were  to  make  the 
comparison,  and  partly  from  the  vague  and  contradictory  use  of  tb^ 
terms  Alpine  limestpne  (catcaire  Alpin)  and.  Jura  limestone  (ctdcoire 
de  Jura.)  :  'f  here  is,  however,  in  some  parts  of  these  mountains, 
both*  an  identity  of  mineral  and  of  zoological  characters,  widi  some 
of  the!  formation^  in  the  upper  secondary  strata  in  England.    A  thick 
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ked  of  blue  lias  filled  with  the  Qryphta  arcuatCf  in  the  mouDtaios 
#11  the  lake  of  Anaecy,  and  fragments  of  oolite,  like  that  of  Giou- 
cestersbirei  from  the  top  of  Mont  Grenier,  near  Cbamberry,  left  me 
no  doiibc  of  the  identity  of  the  formations  of  England,  France  and 
Savoy;  end  no  reason  oan  he  assigned,  whicji  might  lead  us  to  infer, 
chat  the  similar  formatjoos  in  each  country  were  not  colemportiDeous. 
With  respect  to  very  remote  countries,  or  the  .countries  in  opposite 
hemispheres/  we  have,  as  yet,  few  data, to  determine  whether  there 
be  a  similarity  of  fossil  renuiins,  which  can  identify  foi'mations  that 
may  appear  analogous,- or  even  whether  such  a  similarity  couM  iden- 
tify tbemf  when  they  occur  in  very  different  latitudes  atnl  under  very 
different  d^rees  oi  temperature.  *' 

^  There  is  another  circumstance,  independent  of  climate  or  remote 
distance,  that  may  have  occasioned  a  change  in  the  genera,  an^  even 
in  tbe  orders  and  classes  of  animals,  whose  remains  are  found  in  sim- 
ilar strata..  The  'ocean  may  have  >been  muah  deeper  in  one  part, 
thaji  in  another  not  very  remote,  and  the  djeepest  h^  of^  the  'ocetin 
might. support  genera  of  pelagian  animals;*  while  a  more  .shallow, 
adjacent^  part  might  he  tenanted  by  different  genera,  an<jl  eVen  diffe- 
rent orders  and  classes  of  animals,  whose  organization  fitted  thetn 
lor  moving  near  the  surface  of  the  water.  The  transition  strata  were 
probably  formed  uqder  a  great  depth  of  the  ^a :  and  fe^  of  the  ani- 
mals, .whose  remains  are  found  in  these  strata,  possessed  in  an  emi- 
nent degree  the  power  of  loopipotion.  The  animals  possessing  this 
power,  were,.chiefiy,  chambered  unWalve  Molluscs;  their  shells. are 
divided,  and  faav€t  a  tube  or  siphunpnius  passing  through  each  cell, 
by  which  they  were  enabled  to  exhaust  the  water,  and  rise  iq  the 
surface  from  immense  depths.  The  shells  of  these  apimals  did  not 
ibrm  an  outef  cov^rin^,  but  were  partly  enveloped  ip  their  bodies, 
and  appear  to  have  performed  the  functiota  of  an  air  bladder*  T^ey 
bad  heads  surrounded  by  feelers  and  large  eyes  ;  their  he^k^  wer^ 
like  those  of  the  parrbt«f  '  Tbe  feelers  which  surrounded  their  beads 
served  tbem^fbr  seizing  their  prey,  and  for  swimming  and  walking,  at 
the  bottom  of  tbe  sea;  they  swam  with. their  head^  behind  them; 
and  when  they  walked,  their  heads  were  downward^  There  are 
only  two  known  genera  of  chambered  animals  of  this  class  inhabit- 
ing 4he  present  seas;  the  Nautilus,  and  the  Spirula^^heirshells  are 
spiral :  the  greatest  number  of  chambered  fossil  'shells  found  in  the 
upper  secondary  strata  are  also  sjf^iral,  and  are  well  known  as  Animo- 


*  *  ( 

*  Pelagian  animals,  so  called  by  naturalists,  because  they  live  ii^  deep  seas.  * 
t  Tbe  animals  of  this  Order,  to  which  OuTier  has  given  the  name  of  Cephalo- 
fp^iei,  from  their  feelers,  which  serve  as  feet,  beings  attached' to  their  ^eads,  com- 
prise several  genera,  as  the  cuttle-fish,  the  ealamar,  Ac.  but  the  latter  animals  have 
ao  shells.  Tne  Argonaata,  common  in  the  Mediterranean,  has  an  open  uncham- 
bered  shell.  There  are  numerous  minute  microscopic  chaipbered  shells  found  in 
the  present  seas,  but  according  to  Cuvier  the  living  animal  has  never  yat.l^eeli  oIk 
lerrcdL— A^nf  AninuU,  umc  ii.  p.  367. 
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Dites  add  Nautilites.  It  is  probable  that  the  animals  that  bad  straight 
chambered  shells  possessed  greater  faciiiry  of  rising  to  the  surface 
than  the  spiral  ones,  and  accordingly  we  find  them  chiefly  in  the  old* 
est  and  lowest  formations.  The  animals  of  this  class  haying  beads 
and  various  senses  seem  to  rank  high  in  the  scale,  of  sentient  organ- 
ic beings ;  but  they  are  not  numerous,  till  we  rise  in  the  seconds^ 
strata,  above  the  coal  formation.  ,     ■ 

Very  few  spiral  uncharobered  shells  occur  in  the  transitiofi  racks*; 
for  these  animals  crawl  on  their  bellies  like  the  snail,  apd  do  not 
aeem  fitted  to  live  in  deep  water,  unless,  like  the  Helix  Janthina, 
which  nearly  resembles  the  snail  and  lives  in  the  iSoutbero  Ocean, 
they  had  little  appendages  like  bladders,  which  enabled  tbem  to  rise 
to  the  surface. '  Univalve  unchambered  spiral  shells,  become  nuine- 
rous  in  'the  upper  strata,  probably  from  th^  circon^stonce  that  these 
strata  Were  deposited  under  shallower  seas. 

With  respect  td  that  jdlass  of  the  testaceous  Mollusca  wbich  did 
tiot- enjoy  the  privilege  of  having  teads  and  eyes,  tbeir  motives  for 
trs^velltng,  whether  for  pl^asu^e  er  necessity,. must  have  been  fewiih 
deed  ;  and  they-may  be  supposed  to  enjoy'life  as  iveli  in  thedeepest 
recessesi,  of  the  ocean,  as  nearer  its  surface.  The  tenants  of  bi?tlve 
shells,  fcailled  byTlovieri'-  w4c6pAa/e«f  j  have,  liowerer,  a  power  of  lo- 
cpmolion  which  they  efiect,  some  by  thrustiilg  out  a  membrane  called 
a  foot,  and  with  it  they  a1^  attach  themselves  to  rocks  or  other  bo* 
dies^ .  by  a  number  of  filaments  called  the  Byssus,  which  tb^y  cao 
remove  at  pPeasure:  others  have  two  tubes,  with  wliicb  tfaey  force  out 
wate^  with  cdnsiderable  violence,  and  impel  themselves  in  an  opp(>- 
aire  direction;  and  ofliers again-,  by  a  strong  muscular  actk)n  in opeo- 
ing  and  shutting  thefr  ^elis,  can  jump,  twelve  inches  at  one  leap. 

All  these  .modes  of  motion,  however,  though  sufficient  iior  the 
irahts  of  the  ,animal,  ace  Very  limited  in  their  operation,  iind  are 
equally  adapted  for  animala  in  deep  or  shallow  seas,  in  rivers  or 
lakes:  aocordingty,  we ^find  numerous  testaceous'  Molluscs  of  this 
class,  'not  only  in  the  transition,  the  secondary,  and  the  teruary  strata 
biit  at  various  .defiths  in  our  present  seas  and  lakes. 


.  •  All  imchan)t)ered^«pira)s  shells  were  <M;capied  by  asimals  which  kt^  aa  ^r- 
fcan  of  mojiion  placed  under  the  body,  as  in  snails :  Ihey  had  heads,  and  arc  ^*^^^ 
by  Cuvier,  GAsUropodes.  ' 

t  AcephaleS'^having  no  lieads. 
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CHAPTER  XI. 

TlBULAa  ARRAKOPHENT  OF  SECONDARY  STRATA.*— RED  SANDSTONE* 
MAGNI^SIAN  LIBTESTONE.-*— ROCK  SALT  AND  IQTPSUM. 

« 

Relative  Geological  Position'  of  the  Secondary  Class  of  Rocks.^— Their  Mineral 
and  Zoological  Characters:-— Tabular  ArrangemenL-^New  Red  Sandstone  and 
Red  MarH — Upper,  Middle,  and  Lower  Beds,  forqied  chiefly  of  the  Fragments 
of  more  ancient  Rocl(s,  broken  by  some  great  ConvolsioD. — Lowest  Red  Sand- 
stone, or  Rothe-todte-Liegende  oi  the  German  Geologists. — Separated  from  tha 
Mid(ile  Beds,  Jt>y  Beds  of  Magnesian  Limestone.— Middle  and  Upper  Beas  of 
Red.SaodstMe  and  Marl;  their  Accordaoce  with  those  of  France  and  Ger« 
maii^.<^Mus«be1-Kalk  wanting  m  England,  but  probablv  exists  In  Ireland,  as 
ike  Lilr  Eacrmite  has  recently  been  discovered  tnere. — Magaesian  Limestone 
of  tJle  Northern  Coon  ties.— rBjigli^b  Red  Marl  and  Sandstone'forjned  of  mow 
ao^ient  Rocks^  particularly  of  Porphyry  and  Trap. — Gypsum  accOmpaiiyiog 
R<x:k  Salt  oWginally  Anhydrous. — Kock  Salt  Deposits,  in  dlfle^'ent  Formations, 

SbconbaAt  rock  formations,  comprise  all  tbe  tegular  strata  tbat 
cover  the'  transition  rocks  and  coal  measures,  Bod  terminate  witb^ 
chalk.  Their  mineral  chdracters  may  be  briefly  described|  as  tbey 
occur  in  England,  France,  and  part  of  Germaqy,  Tbey  consist  6f 
▼ast  depontions  of  sandstone  and  conglomerate  beds,  and  qf  nunf  er« 
cos  calcareous  beds,  separated  by  bed^  of  clay  and  sand. '  The  lime- 
stones are  less  crystalline,  j^od  more  soft'  and  eai:tby,  than  transitidn  or 
mounttin  limestone.  They  abounti  in  remains  of  testaceous  animals, 
which  «re  ckiedy  mariti^  snells;  but  trains  of  fresh-water  .animals 
occur  ih  some  of  the  secondary  bNis ;  and  pafts  of  ibssil  terreatriai 
▼egetables  are'  also  sometimes  found,  prov^ing  the  existence  of  dry 
land,  at  the  period  when  the  strata  were  deposited?  Secondary  strain 
cover  a  large  portion  of  the  habitabfe  globe,  and  areMhb  immediate 
sub-soil  of  the  most  fertile  didtriers  in  England,  and  of  various  pai^s 
of  Europe.  Nq  beds  of 'good  mineral  coal  are  found  in  any  part  of 
the  se<$ondary  series  of  strata,  abo^e  the  regular  coal,  measures  in 
England ;  but  sotne  beds  of  imperfect  coal,  and  Wood  coal,'  occur 
in  the  secondary  formations :  and  this  iis  also  the  <iase  in  similar  (br« 
miition^  on  the  Continent.  Neither  metallio.  veins  lior  'metallic  beds 
deserving  notice  f  except  of  iron  ores)  occur  b  this  class  of  .rocks  \ 
nor  do  they  aflbrd  an]^  of  the  rare  species  of  orysti&llized  minerals. 
Ropk-salt  and  gypsum  are  the  most  valuable  minerals  found  ia  the 
sscondary.strata;  and  it  is  frohi  them  that  i^H  the  important -telt 
springs  issue.  Sohie  of  the  rocks  in  this  class  yield  useiul  ndateriab 
for  architecture;  but -the  stone  is,  generally  j  soft  and  perishable; 
To  die  rocks  of  this  class,  Werner  gave  the  ilkame  of.  floetz  br  iat 
rocks,  because,  in  the  northern  parts  of  Eufop^,  tbey  are  ]eenerally 
arranged  in  tiearly  horismntal  strata ;  but,  this  character  is  aitogethet 
inapplicable  to  t^ie  upper  secondary  strata  in  the  outer  rangeS'Of  the 
Alps,  and  in  the  Jura  chain,  where  they  may  be  observed,  bent  to 
every  poerible  directioni  and  sometimes  nearly  vertical.    In  these 
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mountain  ranges,  the  mineral  characters  of  the  tipper  stcoodvj 
limestones  also  frequently  undergo  a  considerable  change/  and  be- 
come indurated  and  crystalline,  like  transition  limestones. 

It  has  been  stated  in  the  preceding  chapters,  that  the  coal  strata, 
which  are  interposed  between  the. transition  rocks  jand  the  secondary 
strata,  contain,  almost  exclusively,  the  organic  remainsrof  terrestrial 
and  lacustrine  or  marsh  plants,  while  the  fossils  in  the  lowei;  or  transi- 
tion class,  belohg,  almost  exclusively,  to  marine  animals.  Another 
great  change  appears  to  havie  taken  place  in  the  condition  of  our 
planet,  after  the  deposition  of  the  coal  sucata,  for  the  upper  seconda- 
ry strata  contain,  principally,  the  remains  of  n^arine  animalsw  It  is 
in  the  strata  belonging  to  this  class,  that  the  bones  and  entire  skele- 
tons of  enormous  reptiles  are  first  discovered.  It  is,. however,  trolj 
remarkable,  that^throughout  the  whole  series  of  the  upper  secondary 
surata,  no  Jbpnes  of  mammiferous  land  quadrupe4s  have  yet  beeo 
found ;  the  strata  at  Stonesfield  alone  present  a  solitary  exception. 

JEn  England,  the  order  of  succession  of  4he  upper  secondary  roeb 
liiay  be  qaore  -  di^inctly  ascertained,  than  in  anjr  other  country  that 
has  yet  been  examined*  I.shall  ihereiore  describe  th^m  as  they  oe- 
cur  m  Qur  own  country,  with  references  ta  foreign  localities,  where 
the  same  beds  or  formations  are  well  jdentified  with  the  English 
strati.  .  Geologists  on  the  Comioent,  and  particularly  id  jp^rance,  had, 
till  very  recently,  no  accurate  knowledge  respecting  several  of  these 
formi|tions ;  and  their  claasTfication^  of  the(n  were  vague  and  contra- 
dictory. Morefittention,  however,  has,  very  lately,  been,  directed 
to  this  part  of  the.  gedlogy  of  France ;  and  the  clear  accounts  which 
have  b^en  published,  by  M.  Elie  de  Beaumont  in  particular,  of  some 
of' these  formations,  remove  u^uch. ot  the  obscurity  which  prevailed 
respecting  them,  and  prove,  in  a  satisfactory  manner,,  the  ^reat  simi- 
lariff  which  may  b^  observed,  in  the  secondary  fomations  of,  Eng- 
landand Frahte;    /  .  > 

In  the  following  tabular  arraiigement  of  ihp  secondary  fopnations, 
''above  the  transjtibti  and  coal  formations,  I  have  not  thought  it  expe- 
dient to  iiltrodik^e  all  tbei  noiinor  subordinate  beds  in  each  formation: 
those  which  jsossees  atiy. geological  importance  will  be  subsequently 
DOtibed^  .  It  may  be  frequently  observed,  that  particular  beds  which 
occur  jn  one  part  of  a  formation,  iand  are. considerably  developed, 
cannot  be  traced' even  into  an  adjacent  districi^  orthiey  vary  so  much 
in  thickness  aqd  mineral  characters,  as  scarcely  to  be. recognized* 
If  we  t^e  an  extensive  formation,  like  the  oolites,  as  an  exapople, 
it  is  ik>t  possible  to  assign  any  pne  part  of  the  range,  as  aflbrding  a 
correct  Qrpe  of  all  the  series. in  diiStant  or  ^ven  in  neighboring  parts 
of  the  range,  though  we  may  trace  a  general  resemblance  in  aU  the 
principal  bees ;'  and  this  I  hold  to  be  amply  Sufficient  for  every  yala- 
•ble  purpose  in  geology.* 


-r*- 


*  'Those  who  know,  into  how  many  mistakes  evep  eminept  geologists  have  fall- 
en, respecting  the  formations  in  their  own  immediate  yicinity,  by  attempting  to 
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SECONDABT  rORMATIONS, 

above  the  transitioQ  aod  regular  coal  formatioDs,  and  termipatmg 
wi;h  chalk* 

1.  RkB  SaNDSTOMK  ANd'MaKL  with  MaGNESIAN  LlMESTOlTB. 

a  Lower  beds  of  new  red  sand-  a  Qtks  rouge  ancien  et  rotht" 
stooe.  iodU-liegende. 

h  HagQesian  limestODe.         . .  b  Zechttein  et  rauchwaeke. 

t  Upper  ri^d  sandstone*  c  Chris  bigarri  et  gres  dei  PoB^ 
(Muscbd-kalk  wanting  in.Eng-         ges,  muschd-kalk^ 
land.) 

d  Red  marl  witb  fibrous  gypsum,  d  Keuper^  mamet  %rrii6e$* 

%:  LtAs  Limestone  and  Lias  Clat^ 
a  Winte  lias  and  micaceous  sand- ^ 

b  Bh^ta  with  marlsione.  f  ^"^"^  ^Sn^^^ 

c  Lias  clay  and  shde,  J 

3.  Oolite  LimIestone  and  Beds,  or  Clat  and  Sanpstone/ 

«  loferior  and  Batfa  oolites  with 
sandstooe,  Oxford  pr  clunch 

•  ft 

clay. 
&  Middle  oolites, 
c  BitumiDous    or    Eimmerrdge 

clay. 


*.!_  "\ 


Cdkairei  oolUiquei^  and  some- 
>     times  takairti  de  Jurat  <^d 
also  eakaire  Alpin. 


d  Upper  or  Portland  oolite. 

*    4.  Weali^en  or  Sussex  Bi^ds. 

a  Weald  clay  with  sandstone,      '1  This  may  be  regarded  as  a  local 
(  Sandstone,  calcareous  grit.        I      formation  of  limited   exteoty 
c  Petwortb   and  Purbeek  hme^  f     but  extremely  interestine  on 
stone.  J    ,  account  of  its  fossil  remains. 

5.  Greeit  Sand  'and'  Chalk. 
a  Lower  green  sand  and  irool 

6  b£b  day,  caUed  Gait..  VGrei  vert  et  gre, fer^fuux. 

c  Upper  green  aana\»  J 
d  ChaRc  marl.  Crate  tufeau, 

t  Chalk  without  flints.'  >  Crate  inferifiure^  et 

f  Upper  or  flinty  chalk*  )  Ctaie  supirieure. 

btrodace  nmneroa^  subdivisions  of  strata,  and  to  identify  them  with  those  in  pther 
sitoations,  will  be  ready  to  acknowledge  that  such  labours  are  too  mierolo^ical,  • 
ud  that  by  eadeavoarmg  to  mark  divisiond,  where  Nature  h^  not  established 
them,  we  lose  our  time,  and  introduce  needless  perplexity  into  the  science,  'A 
reference  to  the  two  sections  of  the  oolite  formation,  idvep  at  the  end  6f  the  next 
d^pter,  will  serve!  to  eyince  the  truth  oC*  the  above  remarks. 
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JV^w  Red  Sandstone  is  so  called  to  distinguish  if  from  «  red  sand- 
stone found  among  transition  rocks,  (See  Cbap.  VII.)  The  new  red 
sandstone  ba  very  extensive  and  complex  formation  :  its  prevailing 
mineral  character  is  siliceous ;  but  it  sometimes  comprises  calcnreoua 
beds  of  considerable  magnitude  and  exteocw  The  new  red'sandstone 
may  be  Conveniently  divided  into  three  seriesi  or  the  upper,  the  mid- 
dle, and  the  lower  beds ;  where  the  beds  of  limestone  occur,  they 
serve  to  mark  the  divisions  in  the  series  with  sufficient  diatinctness, 
but  where  they  are  wanting,  these  divisions  cannot  always-  be  observ- 
ed'. A  limestone  containing  magnesia,  separates  the  bwer  from  the 
middle  series,  in<the  northern  counties  of  England,  but  is  wanting  in 
the  midland  and  western  counties. 

In  France,  a  calcareous  bed,  called  muschel-kalk,  separates  the 
middle  series  from  the  upper ;  but  this  has  not  been  discovered  io 
England.  The  red  sandstone  in  flngland  Covers  the  lower  rocks  un- 
conformably,  which  proves  that  the  lower  rocks  were  tilted  up,  be« 
fore  .the  strata  of  red  sandstone  here  were  deposited.:  this  upheaving 
of  the  lower  beds  must  have  been  attended  with  great  convulsions, 
which  probably  supplied  the  sand  and  fragments,  of  which  many  of 
t)«A  beds  of  red  sandistone  are  composed.  Jndeed,  it  is  highly  prob- 
able, that  this  sandstone,  and  the  conglomerate  beds  in  different  parts 
of  it,  were  formed  by  the  violent  disintegraijon  of  the  older  rocks, 
and  of  trap  rocks,  that  were  protruded  at  the  era  of  some  great  con- 
vukioo,  which  broke  down  a  large  portion  of  the  ancient  crust  of  the 
^be,  and  spread  the  debris^  far  and  wide,  over  the  bed  of  the. ex- 
isting ocean.  Fragments  of  the  older  jocks  occur  iq  the  different 
beds  of  this  sandstone,  and  some  of  the  beds  are  formed  almost  en- 
tirely of  such  fragments.  This  mode  of  formation,  would  siifficient- 
ly  account  for  the  great  diversity,  both  in  the  nature  and  thickness  of 
the  beds,  in  different  districts.  I  am  inclined  to  believe,  that  the  dts- 
integrating  causes  which  broke  down  part  of  the  ancient  rocks,  and 
spread  their  ruins  over  a  great  extent  of  surface,  acted  «t  successive 
periods  of  comparatively  short  duration,  succeeded  by  long  integrals 
of  repose,  during  which  the  calcareous  strata^  were  deposited. 

The  lower  red  sandstone  was  not  known  as  a  member  of  the  red 
sandstone  formation  in  England,  before  Professor  Sedgwick  ascer- 
tained, that  it  formed  beds  of  considerable  magnitude  below  the  mag- 
nesian  limestone  in  Durham  and  Yorkshire.  It  does  not,  however, 
extend,  as  he  supposed,  to  the  southern  termination  of  the  magne- 
sian  limestone  in  Nottinghamshire ;  for  there  I  have  found  the  lowest 
beds  of  magnesian  limestone  resting  immediately  on  the  coal  meaa- 
ures,  and  a  part  of  the  upper  red  sandstonie  covering  the  limestone. 
The  lowest  beds  of  red  sandstone  are,  in  some  situations,  conglom- 
erates ;  in  others  coarse,  siliceous  sandstone  is  often  much  intermix- 
ed with  decomposing  crystals  of  felspar. '  Sometimes,  it  is  (bund 
finer  grained,  and  mixed  with  micaceous  shale  and  reddi3h  marl* 
The  beds  are,  generdly,  more  or  less  impregnated  with  the  oxyd  of 
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ifODy  and  coloured  red  or  yellow.  The  thickness  of  the  beds  differs 
much  in  different  situations,  as  might  be  expected  from  its  lying  upon 
the  lower  beds  unconformably,  and  therefore  resting  upon  an  uoefen 
surface.  The  lower  new  red  sandstone  in  the  western  counties  of 
England,  and  in  various  parts  of  the  Continent,  contains  fragments  of 
diBbreot  rocks,  cemented  by  ferruginous  sand  or  marl,  and  masses 
of  imperfect  porphjrry,  and  abundance  of  felspar,  both  in  a  decompc^- 
ed  state  and  in  perfect  crystals.  The  magnesian  limestone,  over  the 
k>wer  red  sandstone,  should  here  be  described  in  the  ascending  se* 
ries  ^  but  the  description  would  disconnect  the  account  of  the  upper 
■ad  lower  red  sandstone,  which  are  strictly  but  one  formatioo.  I 
shall,  therefore,  defer  the  description  of  the  magnesian  limestone,  un- 
til that  of  the  red  sandstone  is  gone  through.  In  fact  the  magnesian 
limestone  does  not  always  occur  in  the  red  sandstone. 

Aeto  Red  Sandstone  and  Marl  above  magnesian  limestone.  The 
beds  have  generally  the  prevailing  colour  which  the  name  implies, 
but  are  often  marked  with  irregular  veins  and  spots,  of  a  yellowish  or 
bluish  colour,*  and  the  sandstone  is  sometimes  yellow  or  grey,  with 
occasional  spots  of  red.  i 

The  composition  of  different  strata  in  this  formation  is  extremely 
various :  in  some  parts,  we  find  an  argillaceous  marl  in  difierent 
states  of  induration,  and,  more  or  less,  intermixed  with  calcareous 
earth.  In  other  parts,  we  theet  with  regular  strata  ofi  siliceous  sand- 
stone ;  and  sometimes,  we  have  a  conglomerate  sandstone,  or  a  soft 
sandstone,  enclosing  rounded  pebbles  of  quartz  and  Lydian  stone, 
granite  and  porphyry,  as  in  the  rock  on  which  Nottingham  and  the 
Castle  stand.  In  the  k)wer  part  of  this  division,  as  well  as  in  that 
beneath  the  magnesian  limestone,  the  beds  are  porphyritic,  and  con- 
tain imperfect  crystals  of  felspar ;  sometimes,  they  pass  into  amyg- 
daloid and-  trap.  The  fine  siliceous  sandstones,  when  closely  exam- 
ined, are  often  found  to  contain  fragments  of  the  neighbouring  rocks : 
thus,  the  sandstone  in  the  vicinity  of  Charnwood  Forest,  as  before 
stated, '  contains  fragtnents  of  slate  and  chlorite  slate ;  and  the  con- 
glomerate beds  on  the  northern  side  of  that  range  of  hills,  are  eom- 
posed  principally  of  fragments  of*  granitic  and  shte  rocks.  No  for- 
mation presents  such  a  great  variety  of  mineral  characters  as  tlie  red 
marl  -  and  sandstone.  In  England,  it  has  frequently  been  confound- 
ed with  the  red  sandstone  and  conglomerate,  that  occur  under  the  up- 
per transition  limestone,  called  by  English  geologists  the  old  red  sand- 
flMNie.  But  the  old  red  sandstone  cff  foreign  geologists,  or  roihe'iodte' 
Uigindej^  the  gres  avieUn  of  Daubuisson,  covers  the  coal  formatkm, 
and  therefore  corresponds  with  the  lowest  beds  of*  the  English  red 
marl' and  satidstone» 


•  The  pame  Rothe-todte-liegende,  or  red  dead  Her,  was  first  applied  to  what  the 
^Inglisb  call  the  old  re<l  sandsiooe,  below  the  coal  formatioDi  because  no  coal  H*as 
found  ander  it. 
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Where  the  red  marl  and  sandstone  formatioo  is  fulljr  developed, 
it  may  be  arranged,  as  before  stated,  under  tliree  divisions :  the  km* 
er,  which  corresponds  with  the  rothe'todu-liegetidej  consisting  of  frag* 
menls  of  diflferent  rocks  cemented  by  sand  or  marl,  and  oi  beds  of 
imperfect  porphyry;  this  occurs  below  magnesian  limestone:  the 
middle  beds,  consisting  chiefly  of  sandstone,  called  by  the  Freoch 
gris  rouge  and  gris  des  Vosgei :  and  (he  upper,  consisting  of  marl 
and  variegated  sandstone,  in  which  beds  of  rock-salt  and  gypsum  oc- 
cur ;  this  corresponds  with  the  grii  bigarri  and  mames  irrueti  of 
the  French.    In. England  the  three  divisions  of  this  formation  rarely 
if  ever,  occur  together,  accompanied  with  magnesian  limestone ;  hot 
it  should  appear,  from  the  situation  of  these  .  different  beds  on  the 
Cootineot,  that  the  place  of  magnesian  limestone  Ts  between  the  low- 
er and  the  middle  division ;  for  the  magnesian  limestone  or  zeehsteiHj 
rests  on  the  conglomerate  beds  of  red  sandstone. 

In  the  third  number  of  the  jlnnales  det  Mines ^  1827,  there  is  a 
very  full  account  by  M.  Elie  de  Beaumont,  pf  the  different  arenace- 
ous strata  that  separate  the  cpal  strata  from  lias  limestoi)e,  along,  the 
feet  of  the.  Vosges  mountains  on  the  eastern  side  of  France.  This 
account  throws  considerable'  light  on  a  part  of  geology  hitherto  ob- 
scured by  the  conflicting  Opinions  of  former  observers,  and  assimi- 
lates the  red  sandstone  of  France  and  Germany  with  the  cfiflTerent 
divisions  of  the  same  formation  in  England.  The  Vosges  monntaina 
are  composed  of  granite  and  transition  rocks,  and  at  their  feet,  there 
are  several  coal-fields :  the  coal  strata,  and  also  the  lower  decKvitiea 
of  the  granite,  are. in  part,  covered  unconforinably,  by  nearly  liori- 
zontal  strata  of  red*  sandstone ;  and  this  is  covered  by  lias  limestone. 
We  have  here>.  on  a  larger  scale,  an  exact  correspondence  with  the 
geology  of  the  Charnwood  Forest  district,  where  tlie  granite  and  slate 
rocks  are  bordered  by  coal  strata,  and  are  both  partly  cot^red  by 
horizootal  strata  of  red  marl  and  sandstone;  and  this  again  is  cov-' 
ered  by  lias  lioiestone.  The  red  sandstone  of  the  Voagea  b,  however 
more  developed ;  the  lowest  part  consists  of  conglomerate- and  por^ 
pbyroidal  beds :  these  cover  the  coal  strata ;  they  agre^  in  their  min- 
eral characters,  precisely,  with  the  conglomerates  in  the  English, ted 
sandstone,  particularly  tboseof  Devonshire,  and  are  described  by  M. 
Beaumont  as  bemg  the  true  roihe'todie''liegende.  'Above  this  occurs 
a  considerable  thickness  of  strata  of  red  sandstone,  which  passes  by 
gradation  into  the  conglomerate ;  this  is  the'proper  gri$'rovge  :  it  is 
deagnated  by  M.  Beaumont  gres  de$  f^6sge»;  it  approaches  in  its 
character  nearer  .to  the  gres  oigarre  than  to  the  lower  beds.  The 
variegated  sandstone,  or  gres  bigarri^  covers  the  gris  des  Vosges  ; 
but  there  appears  to  have  been  a  considerable  degradatibn  ol  the 
surface  of  the  gres  des  Vosges^  and  also  a  disturbance  of  the  beds  by 
subsidence  or  iaults,  before  it  was  covdred  by  the  gres  bigarre^  or 
variegated  sandstone :  nevertheless  they  are  evidently  members  of  the 
same  formation. 
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Id  the  beds  of  the  grii  higarri  there  are  (blind  thin  beds  and  coo- 
cretiona  of  magnesian  limestone ;  sod  above  this  is  a  more  extensive 
formation  of  smoke  grey  limestone  called  muicAcZ-iaU:,  abounding ia 
organic  remains.  In  this  limestone,  the  beautiful  fossil,  ibe  liljr  eocri- 
nite,  is  found.  (See  the  cut.)  The  muschel-kalk  occurs  slao  in  Ger- 
many, but  is  entirely  wanting  in  England.  In  its  mineral  character  it 
bean  a  near  resemblance  to  the  limestone  called  liasj  but  it  is  sep- 


arated from  the  lias  of  the  Vosges  by  thick  beds,  correspondiog  vitli 
the  English  red  marl,  but  called  by  the  French  mama  irritia,  froa 
ihnr  spotted  and  variegated  colours-  Tlie  fossils  iathe  muscbel- 
kaik  bear  a  nearer  reiaiioa  to  those  in  the  lias  than  to  the  shells  in 
the  magnesian  limestone  below  it :  but  neither  belemniies  nor  giy- 
phi(e>  occur  in  this  limestone  in  the  Vosges.  Its  chief  Tossilsflre ibe 
lily  eocriaite,  two  species  of  ammontie,  the  terebratula  subroiundi, 
and  a  species  of  muscle.  According  to  M.  E.  Beaumont,  were  it 
pot  for  the  iniervenlion  of  the  muscbel-kalk,  there  would  be  a  com- 
plete passage  of  ibn  red  sandstone  into  the  red  marl,  as  occure  in 
Englandt  It  deserves  atteution,  that  the  lily  encrinite  has  just  been 
discovered  in  limestone  brought  from  Ireland  to  the  Isle  of  Wight. 
The  dnwin'g  1  have  seen  of  it  leaves  no  doubt  of  the  fact;  but 
whether  the  litnestoDe  be  mounlain  limestone,  as  it  is  called,  or  ibe 
muschel-kalk,  remains  id  be  determined.  Thick  beds  of  red  niBrl) 
with  fibrous  gypsum,  compose  Ihe  upper  part  of  the  new  red  fonni- 
tion  in  the  midland  counties  of  England :  the  red  marl  is,  generally 
•potted,  and  striped  by  greenish  and  yellow  marl. 
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The  beds  of  red  marl  and  sandstone  of  this  formation,  occbpy  a 
considerable  part  of  the  midland  counties  in  England,  extending  from 
the  eastern  side  of  Yorkshire  into  Devonshire,  and  on  the  west,  with 
some  interruption,  from  Cumberland  to  Gloucesterriiire.  The  beds 
or  suata  never  attain  qny  considerable  elevation  in  England ;  they 
cover  or  enclose  rocks  of  other  formations :  in  Leicestershire  and 
Warwickshire  they  surround  rocks  of  sienite,  granite,  porphyry  slate, 
creenstone,  and  quartz.  The  granite  and  greenstone  of  the  Malvern 
Hills,  are  covered,  on  the  southern  side,  by  the  same  red  marl  and 
sandstone.  In  Devonshire,  several  rocks  of  greenstone  and  amyg- 
daloidal  trap  are  also  surrounded  by  it;  and  at  Rouvray  in  France,  on 
the  road  to  Dijon,  lobserved  a  low  range  of  sienitic  and  granitic 
rocks,  rising  from  a  similar  red  marl,  which,  like  the  English  red 
marl,  was  covered  by  blue  lias  with  gryphites.  It  was  formerly  main- 
tained by  Mr.  Fnrey,  that  the  sienitic  and  granite  rocks  of  Cham- 
wood  Forest  and  Malvern,  were  merely  anomalous  masses  in  the  red 
marl;  and  though  this  opinion  was  deemed  ettravagant,  and  after^ 
wards  abandoned  by  Farey  himself,  I  am  inclined  ,to  believe,  that 
there  is  a  greater  connection  between  these  different  formHtioos,  than 
has  hitherto  been  admitted. 

The  red  marl  and  sandstone  of  England,  appear,  to  me  to  have 
been  formed  principally  by  th^  disintegration  of  rocks  of  ti^ap,  green- 
stone, sienite,  and  grftnulat*  quartz  i  the  iron  in  the  decomposing  trap 
rocks,  has  probably  given  to  this  formation  its  red  colour.  I  conceive 
that  the  argillaceous  marls  have  also  been  formed  principally  from 
the  trap  rocks,  and  the  siliceous  sandstone  from  the  grandlar  quarts 
rock.  Tha(  rocks  of  sienite,  trap,  and  quartz,  were  once  extensively 
spread  over  the  districts  now  covered  with  red  marl,  might,  I  think, 
be  sufficiently  ascertained,  by  tracing  thend  through  the  red  marl  dis* 
tricts,  where  they  just  peep  above  the  surface,  or  they  mieht  be  dis- 
covered by  sinking.  The  sienitic  rocks  of  Charnwood  Forest  may 
be  distinctly  traced  into  Warwickshire ;  from  thence  to  the  Malvern 
Hills  the  connection  may  be  followed ;  and  from  the  Malvern  Hills 
to  the  trap  rocks  in  Gloucestershire,  Somersetshire,  and  Devoilsbire ; 
but  every  where  accompanied  by  the  red  marl,  ornear  to  it.  The 
quartz  rock  at  the  Lickey,  near  Bromsgrove,  is  not,  as  has  hitherto 
been  believed,  the  only  rock  of  the  kind  in  the  midland  counties ;  it 
may  be  found  near  Atberstone  in  Warwickshire,  and  is,  doubtless,  as- 
sociated with  the  greenstone  rocks  in  that  neighborhood,  as  memb^ra 
of  the  Charnwood  Forest  range  of  hills.* 


^  In  ibe  village  of  Harts)iill,  near  AtherstoDe,  when  the  author  was  at  school 
there,  the  quartz  rock  was  employed  io  mending  the  roads :  it  is  franUIar  without 
cement,  and  breaks  into  sharp  edged  fragnents ;  it  has  ft  light  reddish  coloor. 
When  a  handfal  of  the  fragments  are  taken  from  the  roads^  and  tlrro;vn  npon  the 
ground  forcibly  in  the  dark,  the^  produce  numerous  sciotillations  like  stars, — an 
experiment  which  has  often  excited  the  surprise  of  the  author  and  his  schoolmatet. 
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I  was  informed  by  T,  Johnston,  Esq.  of  Exeter,  that  be  bad  fre- 
quently  examined  tbe  red  ground  in  the  vicinity  of  the  different  trap 
rocks  in  De^nsbire,  and  that  he  invariably  found  it  composed  of 
fragments  of  these  rocks^  increasing  in  size  as  he  approached  nearer 
to  them*  The  sand  rock  on  which  Nottingham  and  Noiiingham 
Castle  are  built,  has,  evidently,  been  formed  ci  tbe  ruins  of  more  ao* 
cient  rocks  in  its,  vicinity ;  and  tbe  rounded  pebbles  of  .quartz  and  of 
Lydian  stonei  granite,  porphyry,  jasper,  and  mica-slate,  indicate  that 
they  have  come  from  rocks,  formerly  connected  with  tbe  Charowood 
Forest  range.  Still  nearer  the  (^harnwood  hills,  tbe  fiae$t  sandstone 
contains  fragmenas  of  slate,  and  the  lower  conglomerate  is  almost  en- 
tirely composed  of  tbe  fragments  of  tbe  Charnwood  rocks,  as  before 
observed.  In  the  Vosges,  the  red  sandstone  every  where  accompa- 
Djea  the  granitic  and  transition  rooks,  of  which  also  it  coqtains  frag- 
ments. It  mtist  be  recollected  thai  the  rocks  most  disposed  to  de- 
compose or  disintemte,  would  be  the  soonest  worn  down.  With  the 
exception  of  the  Maivem  range  we  have  no  rocks  of  soft  granite,  or 
aienite  in  England,  like  those  of  Auvergne,  or  of  the  Forez  moun- 
tains in  France ;  and  th^  reason  why  we  bav<e  not,  may  be,  that,  from 
their  Smaller  magnitude,  they  were  probably  carried  away  by.  those 
mighty  inundations,  that  have  swept  over  our  present  islands  and 
contioenu.  The  Malvern  jlills,  the  Lickey,  the  Charnwood  Forest 
Hills,  and  the  trap  rocks  ip  Gloucestershire,  Somersetshire,  and  De- 
vonshire, are  the  ^epnaining  nuclei  of  much  larger  ranges,  as  the  scat- 
tered fragments  in  the  adjacent,'  as  well  as  in  distant  districts  attest. 
If  tbe  red  marl  and  sandstone  in  E^ngland,  and  in  other  countries, 
were  form^  of  decomposiing  rocks  *of  trap,  granular  quartz,  po^ 
phyiy,  sienite,  and  granite,  the  frequent  occurrence  of  porpbyroidal 
oeda  in  this  formation  may  admit  of  a  probable  explanation. 

it  is  not  intended  to  maintain,  that  every  bed  or  stratum  in  this  ex- 
tensive formation  is  .composed  principally  of  the  fragments,  of  transi- 
tioo  ftnd  trap  tooks ;  but  it«roay  be  safely  affirmed,  tbit  there  are  few 
strata,  in  wbKb  some-  of  these  fragments  may  not  be  discovered. 

The  red  mdrl  producesrsome  of  the  most  fertile  soils  in  England, 
which  may  be  owing  partly  to  its  formation  from  soft  trap  rocks. 
Some  basaltic  knocks  deconipose  rapidly,  and  are  known  to^form  soil 
favourable  to  vegetation ;  several  basaltic  iiocks  in  Stafibrdshire  de- 
coropoae  into  a  reddish  brown  clay,  moderately  tenacious. 
,  A  very  remarkable  discovery  has  been  recently  made  (1 828),  of 
the  foot-marks  of  some  unknown  quadruped  in  strata  of  new  red 
sandstone,  at  the  Corn  Cockle  Muir,  three  miles  from  Locbroabenin 
Dumfries-shire.  They  were  found  forty-five  feet  under  the  present 
surface ;  the  etrata  are  inclined  thirty-seven  degrees.  This  circum- 
stance was  communicated  to  the  author  by  Mr.  Murray,  jun.  of  Al- 
bemarle Street,  who  showed  him  at  the  same  time  a  plaster  cast,  ta- 
ken from  a  slab  of  stone,  in  which  the  impressions  were  tolerablj 
distinct,  and  also  part  of  a  thin  stratum  of  the  stone  itself,  with  indis- 
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tioct  impressioiis  of  a  ^ioiilar  kind.  There  can  be  scarcely  a  doubt, 
that  tbey  were  the  real  foot-marks  of  a  digitated  animal  having  short 
toes  and  claws,  and  the  foot  broad  in  proportion  to  its  length.  The 
breadth  of  the  foot  is  above  one  inch.  The  part  of  the  sandstone  in 
Mr.  Murray's  possession,  appeared  to  be  composed  principally  of  gran* 
ular  fragments  of  reddish  quartz  rock  and  felspar,  with  spots  of  chlcH 
rite  or  hornblende.  As  remains  of  reptiles  have  been  foond  in  the 
zetcbsiem  or  magnesiao  limestone  on  the  Continent,  which  is  «s  aiH 
eieat  as  the  new  red  sandstone,  may  not  this  animal  have  been  a  rep* 
tile  allied  to  the  tortoise  ? 

Since  the  publication  of  the  third  edition  of- this  work.  Professor 
BuckJand  has,  I  believe,  ascertained  that/the  foot«^n)drks  are  similar 
to  the  foot-marks  which  some,  species  of  tortoise  make  in  sand. 

Before  concluding  the  account  of  the  red  sandstbne,  it. may  be 
proper  to  repeat,  that  in  a  formation  of  st^ch  complexity,  it  is  often 
difficult  to  determine  tp  ivhich  part  of  the  series  any  particular  bed 
beioogs,  unless  its  situation  be  indicated  by  some  of  the  limestone 
beds,  which  sometimes  occur  iii  different  parts  of  it.  Thus,  in  Dc'^ 
voDshiire,  the  porphyritic  beds  and  eongfemeratea  may  befeng  to  die 
lowest,  or  to  the  middle  series  of  sandstones:  their  position,  yfiih 
respect  to  the  rooks  on  which  they  rest  uneonformably,  does  notes* 
sist  in  the  discovery*  In  Yorkshire,  the  very  low^^t  series.rest  on 
coal  measures,  as  stated  by  Professor  Sedgwick,  in  his  masterly  and 
luminous  description  of  the  geological  relations  of  the  magnesian 
limestone,  from  Northumberland  to  Nottinghamshire.  At  Cham- 
wood  Forest,  the  uppermost  series  rests  on  apcient  granitic  and  slate 
rocks,  as  represented  in  Plate  III.  fig*.  4'.  a,  a.  In  the  lowest  beds, 
resting  on  the  slate,  I  observed  indications  of  their  mode  of"  forma* 
tbn,  which  I  intend  afterwards  to.  describe.  Professor  Sedgwick 
first  ascertained  the  true  relations  of  the  lower  sandstone ;  but,  tw^n* 
ty  years  before,  in  the. first  edition  of  this  work,  (1813)  p.  270.)  I 
gave  a  brief  account  of  the  Pontefract  sand  rock,^  as  the  last  of  the' 
rack  formations' over  cpal,  in  a  description  of  a  sectbn  from  th^ 
Yorkshire  to  the  -  Lancashire  coast: — ^''The  mag^nesian  limestone  is 
succeeded  by  yellpw  isiliceous  sandstone!,  on  which  the  town  of  Pon* 
tefract  is  built.  We  may  consider  this  as  the  boundary  of  the  low 
calcareous  district :  proceeding  in  a  direction  tp  Wakefield,  we  sOoiy 
come  upon  the  argillaceous  coal  strata  of  th'e  tnid.dlB  district.'^ 

Professor  Sedgwick  arranges  tlie  red  sandstone  and  magnesian 
limestone  in  ati  ascending  series.        >  ,    • 

1.  Lower  red  sandstone,  yellow  and  red. 

3.  Marl  slate  and  compact  limestone. 

2  ff.  Compact  and  shelly  limestone,  and  variegated  marls* 

3.  Yellow  magnesian  limestone. 

4.  Lower  -red  marl  and  gypsum. 

5.  Upper  thin  bedded  limestone.' 

6.  Upper  red  sandstone. 

7.  Upper  red  marl  and  gypsum. 
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It  may  deserve  notice,  diat  the  red  sandstone  generaflj  oecupies 
die  depressions  in  the  more  ancient  strata,  or  what  were  once  deep 
▼alleys,  and  also  fills  up  hollows  on  the  surface  of  ancient  rocks,  as 
represented  in  Plate  III.  fig  4.  a  fi.  Now,  as  these  depressions  and 
hollows  were,  originally,  filled  up  when  the  surface  was  under  the 
ocean,  and  are  now  raised  some  hundred  bet  above  its  present  level, 
without  any  apparent  disturbance,  this  fact  proves,  that  there  were 
two  elevating  causes  acting  at  dififerent  e'poclis, — the  first  violent  and 
transitory,  which  tilted  up  the  lower  beds ;  the  second,  more  ezten* 
sive,  but  more  gradual  in  its  operation,  which  upheaved  the  whole 
country  above  the  ocean,  and  formed  islands  and  continents. 

Magnuian  Limestone, — ^The  geological  positipn  of  this  rock  is 
over  the  lowest  beds  of  new  red  sandstone ;  but  where  this  is  want- 
ing, it  4ie8  uncooform^bly  over  the*  regular  coal  formation :  see  Chap. 
VIII.  It  is  covered  by  the  middle  and  upper  series  of  new  red 
sandstone.  > 

The  dotomite  (bund  in  primitive  and  transition  rocks  hiis  been  be- 
fore described ;  it  is  commonly  white,  or  light  grey  and  granular. 
That  in  the  secondary  strata  has.  geoerally  a  dark  brown  or  a  yel- 
k>wish*brown  colour:  it' contains  a  variable  proportion  of  magnesia, 
sometimes  mor6  than  fifty  per  cent. 

'  The  presence  of  magne^ian  earth,  in  the  proportion  of  nearly  one 
half,  in  certaip  limestones,  is  a  fact  that  strongly  militated*  against  the 
theory,  which  ascribes  the  formation  pf  all  limestone  rocks  to  animal 
aecrdtion ;  unless  it  shall.be  found  that  magnesian  earth  is  contained 
b  the  shells  and  teuviaB*  of  marine  animals*  I  believe  no  analyses 
of  shells  or  coral  have  yet  been  made,  in  order  to  ascertain  the  pres- 
ence of  magnesia  as  one  of  their  constituent  elements.  Should  mag- 
nesia t>c  found  in  ther  exuvis  of  certain  orders  of  marine  animals, 
and^not  in  others,  it  would  not  only  favour  the  opinion  that  limestone 
was  of  animal  origin,  but  might  also  explain  the  cause  of  the  alterna- 
tion of  b^ds  of  magnesian  fimestone  with  beds  of  common  limestone, 
in  the  sanae  mountain..  Or  should  'some  shells  of  one  species  con- 
tain magnesia,  and  others  none,  it  would  prove  that,  under  difi»rent 
circumstances,  the  same  animal  might  form  its  !^ell  of  different  con- 
stituent, parts,  t 

Professor  Sedgwick  is  inclined  to  derive  the  magnesian  limestone 
from  the  debris  of  beds  of  mountain  or  transition  limestone  which 
contain  magnesia ;  but  many  beds^  of  the  magnesian  limestone,  above 
the  coal  formation,  have  as  much  the  character  of  original  rocks  as 
the  beds  of  transition  limest'one,  and  th^  difiiculnr  is  not  removed  by 
this  hypothesis ;  for  it  still  remains  to  enquire,  from  whence  did  the 
mountain  or.fransition  limestones  derive  their  magnesia  ?  Von  Bnch 
ascribes  the  change  of  the  conmion  limestone  into  dolomite  in  the 
Tyrol,  to  the  action  of  volcanic  rocks  and  volcanic  vapours  contain- 
ing magnesia ;  but  this  opinion  is  not  likely  to  obtain  many  support- 
ers.   Can  the  magnesia  tound  in  some  of  the  chalk  r6ck8.in  England 
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tor  France  be  derired  from  volcanic  rocks?  Were  tbe  theorj  of  Voa 
Buch  true,  we  ought  to  etpect  all  limestone  rocks  In  the  immediate 
vicintty  of  basalt  to  be  mugoesiao ;  but  some  experiments  which  I 
made  on^the  mountain  limestone  of  Derbjshh'e,  in  near  proximity  to 
the  toadstonei  proved  that  it  did  not  contain  so  much  magnesia,  a* 
tbe  beds  that  were  mrucb  farther  removed  from  the  latter  rocki 

The  magnesian  limestone  is  distinctly  stratified ;  the  strata  vary  in 
thickne^  ^om  a  few  inches  to  several  feet :  in  the  northern  counties 
6f  England  they  are  nearly  horizontal ;  they  border  the  great  coal 
formation^  and  cover  it  on  the  eastern  side»  This  formation  of  lime* 
stone  extends  from  the  mouth  of  the  Tyneto  near  Nottinghatn.  The 
colour  of  the  limestone  is  generally  a  yellowish  or  reddish  brown,  va- 
rying in  intensity  from  a  (awn  color  to  that  of  an  overbarnt  brick* 
Some  of  the  lowest  beds  are  bluish  and  slaty,  and  intermixed  with 
marl;  but  these  beds  seldom  rise  to  the  surface,  and  their  nature  is 
little  knoWn^  Some  beds  of  9)aghe8ian  limestone  have  a  granular 
sandy  structure,  others  are  imperfectly  crystalline :  thev  possess  a 
considerable  degree  of  hardness.  A  cellular  variety  ol  tM^  lime*- 
stone  occurs  near  Sunderland,  which  has  received  tbe  name  of  Hon- 
eycomb limestone :  it  agrees  in  roost  of  its  characters  with  the 
rauch  wacke  of  Thuringia,  which  is  part  of  the  sechstein  formation. 

Many  beds  of  magnesian  limestone  yield  a  foetid  smell  when  rub-* 
bed*  At  Sunderland,  tbe  beds  of  magnesian  limestone  are  more  de- 
veloped than  in  any  other  part  of  England  that  I  am  acquainted  with. 
In  an  accognt  which  I  published  of  the-  Geok)gy  of  Durham,  in  the 
Philosophical  JVIagasine  for  1815,1  estimated  the  tota^  thickness  at 
one  hundred  and  fifty  yards.  Tliis  limestone  has  been  bored  into  to 
a  considerable  depth  below  the  surface ;  it  was,  as  before  mention- 
ed, of  a  bluish  colour.  According  to  Mr.  Farey,  "  under  the  yellow 
bedi. of  magnesian  limestone,  there  are  several  beds  df  compact  blue 
limestone,  abouiiding  with  Anomia  (Terebratulse)  and  other  shells  } 
some  of  these  beds  differ  entirely,  from  the  yelk)W  and  red  beds,  and 
are  more  useful  for  agricultural  purposes,  particularly  on  the  yellow 
limestone  lands."*  This  is  the  marl  slate  of  Professor  Sedgwick. 
The  lower  beds  of  this  formation  are,  I  believe,  more*  fully 'devek)ped 
in  many  parts  of  the  Continent  than  in  this  country,  which  occasion^ 
some  uncertainty  in  classing  thenn.  The  limestone  of  Thuringia,  it 
is  agreed  by  the  roost  respectable  geologists;  is  zechsteinj  corres- 
ponding with  our  magnesian  limestone ;  the  lower  part  is  a  slaty 
hiftrl,  sometimes  impregnated  with  bitumen,  and  sometimes  with 
sand.  This  bed  contains  impressions  of  fish,  lilce  the  lo^er  beds  of 
the  slaty  Sunderland  magnesian  limestone  :  it  contains  also 'a  small 
quantity  of  copper  pyrites,  and  ibe  ores  of  lead,  Cobalt,  zinc,  bis* 
muth,  and  arsenic,  and  is  in  some  places  worked  by  the  miners  for 
its  mineral  treasures.    Above  this  bed  there  occurs  a  blackisb-grey 

•  Surrey  of  Derbyshire,  p.  157.   ■ 
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compact  limestooey  very  hard  and  tenacioqsy  and  diadnctl](  sfrati&ed; 
over  this  is  a  cellular  limestooe ;  and  above  tbfs,  a  blackish  brown 
limestone,  which  yields  a  foetid  smell  when  struck  with  a  hammer, 
and  is  in  some  places  more  than  one  hundred  feet  in  tliickn^.  All 
these  different  beds  Humboldt  comprises  under  the  name  of  zech- 
stein,  and  agrees  with  other  geologists  in  referring  them  to  our  mag^ 
oesiao  limestone ;  the  lowest  bed  rests  on  the  red  sandstone,  and 
sometimes  alternates  with  it :  but  according  to  some  geologists,  the 
connection  between  the  two  formations  of  red  sandstone  and  26ch* 
stein  is  such,  that  the  latter  may  be  regarded  as  a  subordinate  formah 
tion  to  the  former.  The  upper  beds  of  what  has  been  called  sech- 
stein  alternate  in  Switzerland  with  beds  of  gypsum,  which  is  inter- 
mixed with  rock-salt :  some  of  the  beds  are  argillaceous  Ifinestooe, 
containing  ammonites  and  belemniles,  and  appeared  to  me  ta  have  m 
greater  resemblance  to  lias,  than  to  maghesian  limestone. 

In  the  lower  part  of  the  magnesian  limestone  in  the  West  of  Eng- 
land, there  is.  a  conglomerate  limestone,  which  contains  fragments  of 
transition  limestone,  varying  in  size  from  several  inches  in  diameter, 
to  very  minute  grains* 

The  fossils  >  in  magnesian  limestone  are  not  numerous,  ist  least  in 
the  upper  beds*  .  Fossil  Gsh  have  been  found  in  some  of  the  lower 
beds  in  the  county  of  Durham.  One  or  two  species  of  univalves, 
and  ^bout  nine  species  of  bivalves,  occur  in  .this  limestone ;  but  these 
shells,  are  extremely  rare,  except  in  one  or  two  situations.  Some  of 
the  shells,  the  productus  and  spirtfer,  nearly  resemble  those  in  the 
mountain  Ihnestone,  to  which  the  magnesian  limestone  appears  to 
bear  a  greater  analogy,  than  to  any. of  the  secondary  strata  above  it. 

Magnesian  limestone  furnishes  the  most  durable  building  stone  that 
is  any  where  found  in  the  upper  secondary  strata. 

I  do  not  agree  in  opinion  with  those  who  regard  the  magnesian 
limestone  districts  as  unfjsrtile ;  and  perhaps  no  parts  of  Cngland  are 
more  salubrious,  than  those  which  have  a  subsoil  of  this  limestone. 

A  few  small  strings  of  lead  ore  have  been  found  in  the  magnesian 
lin)esipne  rocks  near  Sunderland.  The  limestone  rocks  on  the  co^st 
of  Durham  are  wearing  away  by  the  violence  of  the  ocean  :  they 
have  evidently  extended  much  further  to  the  east  than  at  present. 

It  has  already  been  stated,  that  beside  magnesian  limestone,  gyp- 
sum and  rock  salt  .are  associated  with  the  new  red  marl  and  sand- 
stone. Neither  of  these  minerals  il  however  confined  to  this  forma- 
tion. Sak  springs  rise  in  many  of  the  coal  strata,  and  gypsum  and 
rock-salt  are  found  both  in  the  upper,  secondary,  and  thu  tertiary 
beds ;  but  the  repositories  of  these  minerals  are  more  characteristic 
of  the  new  red  sandstone,  and  may  therefore,  with  propriety,  be  de- 
scribed in  the  present  chapter.  ' 

Gypsnm,  both  fibrous  and  massive,  occurs  in  .  the  new  red  marl 
and  sandstone :  the  fibrous  gypsum  forms  numerous  alternatwg 
seams  in  clifi  of  red  marl :  the  seams  vary  in  thickness,  from  one  to 
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Ibrae  inches,  and  might  be  mistaken  for  strata,  but  they  are  irregular 
und  of  limited  extent.  In  Nottinghamshire,  the  fibrous  gypsum  on 
the  banks  of  the  Trent  is  often  beautifully  white  and  translucent,  and 
is  accompanied  with  scales  of  chlorite,  exactly  similar  to  what  I  have 
observed  in  the  beds(  of  gypsum  in  the  Valais,  in  Switzerland.  The 
white  fibrous  gypsum  is  employed  by  the  paper-makers  to  whiten 
writing-paper  and  add  to  its  weight. 

Massive  gypsum  is  granular  :  it  occurs  in  irregular  beds  and  blocks, 
in  the.  red  marl,  and  is  evidently  a  local  formatipn.  Anhydrous  gyp- 
sum is  occasionally  met  with  in  Nottinghamshire.  Gypsum  is  asso- 
ciated with  rock-sah,  wherever  the  latter  mineral  is  found.  It  is  now 
discovered,  that  the  gypsum  in  the  Alps,  when  uncovered  in  its  na*' 
live  beds,  is  .always  anhydrous.  Common  gyp.<(um  contains  21  per 
t^U  of  water.  Anhydrous  gypsum  is  entirely  free  from  water,  and 
is  much  harder  and  heavier  than  common  gypsum.  Shoukl  it  prove 
a  general  fact,  that  the  gypsum  associated  with  rock-sah  is  always  ori- 
ginally anhydrous,  it  might  tend  to  elucidate  the  formation  of  both 
minerals ;  a  subject  which  will  be  referred  to,  after  describing  some 
of  the  principal  repositories  of  rock-salt. 

Many  repositories  of  rock-sah  are  situated  neaf  the  feet  of  moun- 
tain ranges,  and  were  probably  deposited  originally  in  salt-water 
lakes :  beds  of  rock-salt  are  now  found  at  the  bottom  of  sotne  of  the 
salt  lakes  in  Africa.  But  though  many  salt  formations  are  in  com- 
paratively low  situations,  there  are  others  that  occur  at  great  alti- 
tudes, both  in  the  Alps  and  the  Cordilleras.  In  England,  the  prin- 
cipal beds  of  rock-salt  are  situated  at  a  little  distance  from  the  west- 
ern side  of  the  range  of  hills,  which  separate  the  rivers  that  floir  into 
the  eastern  and  the  western  seas« 

The  rock-salt  of  Cheshire  cannot  properly  bcf  said  to  lie  in  ot  un- 
der the  red  sand  rock  before  described,-  but  is  surrounded  by  it,  and 
probably  rests  upon  it ;  but  as  the  lowest  bed  of  salt  has  not  been  sunk 
through,  this  cannot  be  yet  ascertained.  The  upper  bed  of  rock- 
salt  in  that  county  is  about  forty-two  yafds  below' the  surface  :  it  is 
twenty-six  yards,  thick,  and  is  separated  from  the  Iqwer  bed- of  salt, 
by  a  stratum  of  argillaceous  stone  ten  yards  thick.  The  lower  salt 
has  been  sunk  into  forty  jrards.  The  upper  bed  was  discovered 
about  a  hundred  and  forty  years  since,  in  searching  for  coal.  Rock- 
salt  at  Northwich,  extends,- in  a  direction  from  N.  E.  to  S.  W.,  one 
mile  and  a  half;  its  further  extent  in  this  direction  has  not  been  as- 
certahned  :  its  breadth  is  about  fourteen  hundred  yards.  In  another 
part  of  Cheshire,  three  beds  of  rock-salt  have  been  found.  The  up- 
pei*mo6t  is  four  feet,  the  second  twelve  feet,  and  the  lowest  has  been 
sunk  into  twenty-five  yards,  but  is  not  cut  through.  Besides  ,the 
beds  of  rock-salt,  numei^ous  brine  springs,  containing  more  than  25 
per  cent,  of  salt,  rise  in  that  county.  The  transparent  specimens  of 
rock-salt  are  nearly  free  from  foreign  impurities,  and  contain  scarce- 
ly any  water  of  crystallization. 
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In  sea-W8ter  a  krge  portion  of  muriate  and  sulphate  of  majgoesMi 
is  found)  which  gives  it  that  bitter  naqseous  taste,  distinct  from  its 
saltness.  This  difference  in  the  composiiioo  of  sea-v^ater  and  of 
rock-sah,  naight  seem  to  indicate  that  rock-salt  was  pqt,  as  some  sup- 
posie,  produced  by  the  evaporation  of  sea-water ;  but  if  it  werQ 
formed  in  detached  lakes,  it  is  possible  that  the  waters  of  these 
lakes  did  not  contain  precisely  the  same  salts  in  solution,  as  those  of 
the  sea.  We  know  that  the  waters  of  some  of  the  sah  lakes,  exist- 
ing at  present,  differ  in  their  contents  from  sea-water.  If,  however, 
the  evaporation  were  very  slow^  tlie  salt  of  the  ocean  would  separaite 
from  all  its  impurities  by  crystallization;  these  impurities,  b^iogoiore 
deliquescent,  might  be  washed  away.  . 

It  ipay  deserve  notice,  that  few,  if  any,  remains  of  marine  or  other 
organized  bodies  are  found  in  the  beds  aocompanying  the  rock-saili 
of  Cheshire.  In  the  Polish  salt  mines,  bivalve  shells  and  the  claw3 
of  crabs  are  met  with  in  the  upper  strata  of  marl ;  and  vegetable  im- 
pressions in  the  bed  covering  the  lower  salt,  at  the  depth  of  two  buD- 
dred  and  twenty  five  yards  from  the  surface.  Bu^  some  of  these 
mines  are  now  believed  to  occur  in  tertiary  formations. 

The  salt  formation  at  Droitwich  in  Worcestershire,  appears  to  be 
surrounded  .-by  the  same  kind  of  Ved  sand  rock,  and  covered  vitb 
similar  beds  of  gypsum  and  marl,  to  that  of  Cheshire.  Here  the 
rock-salt,  though  its  existence  has  been  proved  by  boring,  is  no  where 
worked.  The  salt  is.  procured  by, evaporating  the  water,  which  is 
nearly  saturated  with  it.     .    -  -      v 

Salt  springs  rise  in  some  of  the  coal  strnta,  adjacent  to  the  f ed  mvl 
pnd  sandstone :  in  all  probability  the  brine  is  infillered  frotn  that  for* 
maiion,  into  the  basset  edges  of  the  strata  overlying  coal.  There 
ave  salt  springs  in  some  of  ^the  coal  mines  in  NQrtbuml)er]at^d,  Der- 
byshire, and  Yorkshire ;  and  a  spring  of  brine  rises  in  the  riv?r  Wear, 
ita  the  county  of  Durham. 

Brio/e  springs,  containing  from  five  to  six  per  cent,  of  salt,  rise  in 
the  qoal  mines  near  Ashby-de-la-Zouch  in  Leicestershire,  at  the 
depth  of  two  htindred  and  twenty  five  yards  under  the  surface.  A 
weaker  brine  also  rises  in  the  upper  strata :  it  springs  through  fissures 
jn  the  coail,  attended  with  a  hissing  noise,  occasioned  by  the  einissioa 
of  hydrogen  gas. 

I  examined  thes^  mines,  bekinging  to  the  Earl  of  Moira,  io  the 
summer  of  1819 :  they  Qre  situated  at  Ashby  Wolds,  in  the.  very 
centre. of  England  ;*  and  what  may  appear  remarkable  in  this  situ- 
ation, they  ane  worked  one  hundred  and  forty  yards  below  the  l^vel 
pf  the  sea,  which  is  ascertained  from  the  levels  of  the  capal  that 
passes  by  the  pits.  Ijlad  this  circumstance  been  known,  before  the 
attention  of  geologists  was  directed  tathe  structurje  of  the  earth  $ 
»■ ^         — ■ — .— —  .'  t        ,,.,-■■  '"" 

♦  Balhsand  hoUls  are  now  erected  there  for  the  accommodalioD  of  visiters; 
they  are  called  the  Moira  Baths,  niear  Ashbj-de-larZouch, 


ciirftt^  it  would  have  been  ipferredy  that  brine  apripgt  «o  far  .Movr 
the  level  of  |he  sea,  bad  their  source  from  the  waters  of  the  ocean, 
percolatid^  through  fissures  io  the  e^rth. 

There  are  oiaDy  sah  springs  io  France^  but  no  mines  of  roc|(<-sa)t- 
The  sak  springs  at  8alins,  in  the  deparipept  of  the  JurSi  rise  iq  th^ 
red  marl  ioroiation ;  and  the  gypsum  with  which  they  are  associated 
is  exactly  similar  to  the.  massive  .gypsum  in  the  E^nglish  red  mariL 
The  strongest  of  these  springs  contains  15  per  cant,  of  salt* 

In  Switzerland,  the  rock-salt  and  gypsum  do  not  obcpr  in  the  red 
maris  but  between  calcareous  beds,  which  are,  I  believe,  ^aalogou^ 
to  the  English  lias,  and  will  be  again  mentioned* 

In  Spain,  there  are  several  salt  springs  and  beda  of  rock^rsalt :  the 
principal  formation  of  rock-salt,  at  Cardona,  ip  Qatalonia,  h(|9  beea 
described  by  Count  Alexander  Laborde,  ip  his  mQgpiScept  WQfl:, 
emitied,  Voyogti  PUtor€sque$  dans  FE^ogne. 

"  The  salt  district  of  Cardona  comprehends  the  bill  on  which  thf^ 
town  is  situated,  and  the-  environs  of  mpre  than  a  league  in  circpm- 
ference.  The  surface  is,  almost  every  where,  covered  with  vegeta* 
ble  soil  to  the  depth  of  six  inches  or  more,  which  repd^ra  it  produc* 
tiircr  The  place  where  tt)e  rock-sah  if  procured,  is  a  valley  formiug 
an  oval,  about  one  mile  apd  a  half  in  length,  and  half  %  mile  ip 
breadth  ffom  east  to  west,  extepding  from  the  Castle  of  Cardona  tP 
the  promontory  of  red  salt  at  the  oth?r  end.  The  las{  is  the  m<Mt 
considerable  of  the  sah  rocks,  and  has  not  yet  been  worked ;  it  ia 
six  hundred  a<id  sixty  three  fe^t  in  height,  and  twelve  hundred  and 
twenty  feet  in  breadth  at  its  base.  This  valley  ip  also  trav^jrsed  by 
a  chaiq  of  bills  of  rock-salt :  besides  these,  ihere  are  other  rofka  cif 
sail  at  the  feet  of  the  fortress,  aqd  upon  tb^  declivity  of  the  mouptata 
which  ^reiches  to  the  fogntain  called  Cancqpillo.  Th^  mountain  of 
red  salt  is  so  called  be'cause  tbti^  colour  predotuioates;  but  the  colopta 
vary  with  the  altitude  of,  the  sup,  and  {he  greater  or. less  quantity, eif 
rain.  At  the  foQt  of  thi^  mountain  a  spring  of  WQter  issuea,  'whi<fb 
comes  through  a  fissure  on  the  summit.  The  rivulet  runs  all  alopg 
the  valley  from  the  east,  but'  passed  upder  ground  in  part  of  its  course, 
panicukrjy  under  the  hill  where  the  rock-salt  is  mined :  at  a  little 
distance,  it  rises  again  to  the  surface,  apd,  after  fupning  along  the 
plain,  discharges  itself  into  the  river  Cardona.  This  brook,  in  rainy 
ieasona,  swells  the  waters  ^  the  river,  which  then  beconie  salt,  and 
destroy  the  fish;  but  at  three  leagues  lower,  the  wat?r  has  no  pec* 
oeptible  taste  of  salt,  Al)  these  tolt  mountains  are  fptersected  by 
crevicea  and  chasms ;  and  Jiave  also  spacious  grottoes,  t^here  are 
found  stalactites  of  salt,  shaped  likebunqhes  of  grapes,  and  of  vari- 
ous colours.'' — "  Nothing  can  compare  with  the  magni^ence  of  the 
spectacle  which  the  mountain  of  Cardona  exhibits  at  sppriae.  Be- 
sides the  beautiful  forms  which  it  presents,  it  appears  to  rise  above 
the  river  like  a  mountain  of  precious  gems,  displaying  the  various 
cokMjrs  produced  by  the  refraction  of  the  solar  rays  through  a  prism." 
Count  Jjobarde. 
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**  Hungary  and  Poland  afford  the  most  numerous  tfnd  exteosivd 
itpositories  of  rock-salt  in  Europe.  The  salt  mines  of  JiVieliczka 
near  Cracovia  have  been  long  celebrated  and  frequently  described ; 
they  are  worked  at  the  depth  of  750  feet.  The  rock-salt  is  coTered 
by  alternate  beds  of  marl  and  conglomerate ;  blocks'of  salt  occur 
also  in  the  marl.  The  beds  of  rock-salt  are  inclined  at  an  angle  of 
40  degrees.  It  is  remarkable,  that  in  these  mines  of  rock-salt,  there 
are  springs  of  fresh  as  well  as  of  salt  water.  At  Paraid  in  Transyl- 
-vania,  there  is  a  ralley  the  bottom  and  sides  of  which  are  pure  rock- 
-salt The  mine  of  Eperies  is  about  990  feet  deep.  Water  is  some- 
times enclosed  in  the  blocks  of  rock-salt.'* — Brongniart,  J)Sneralogie. 

There  is  an  extensive  formation  of  rock-salt,  stretching  on  each 
«lde  of  the  Carpathian  Mountains  for  six  hundred  miles,  from  Wie- 
Jiczka  in  Poland  towai^ds  the  north,  to  Rimnie  rn  Moldavia  on  the 
south.  It  has  indeed  been  observed,  that  rock-^ah  and  brine  springs 
most  generally  occur  near  the  feet  of  extensive  mountain  ranges, 
'which  adds  probajbility'to  the  opinion,  that  these  ranges  were  once 
the  boundaries  of  extensive  salt  lakes. 

In  the  lofty  deserts  of  Caramania  in  Asia,  according  to  Chardiir, 
rock-salt  is  so  abundant,  and  the  atmosphere  so  dry,  that  the  inhab- 
icants  use  it  as  stone,  for  buifding  their  houses.  This  mineral  is  also 
found  on  the  whole  elevated  table-land  of  Great  Tartary^  Thibet,  aod 
kidostan.  Extensive  plains  in  Persia  are  covered  with  a  saline  eT- 
iloredcence ;  add  according  to  the  account  of  travellers,  the  inland  of 
Ormus,  in  the  Persian  Gulf,  is  one  large  mass  of  r6ck-salt. 

lathe  elevated  mountliins  of  Peru,  rock-sak'  is  said  to  occur  at  the 
height  of  9000  feet  aboye  the  level  of  the  sea.  In  North  America 
there  are  varioqs  salt  springs  called  Licks,  because  the  herds  of  wild 
cattle  formerly  repaired  to  them,  to  lick  the  soil  impregnated  with 
siah.  Near  to  .these  places,  at  a  small  depth  below  the  surface,  the 
immense  bones  of  the  great  Mastodon  are  frequently  found.  Ac- 
cording to  jthe  account  of  Hornemann,  a  mass  of  rock-salt,  so  vast, 
that,  in  one  direction,  no  eye  can  rec^ch  its  termination,  and  whose 
breadth  he  computed  to  be  several  miles,  spreads  over  the  mouniaiDS, 
that,  to  the  nonb,  bound  the  desert  of  Lybia.  Rock-salt  bas  been 
fognd  also  io  New  South  Wales. 

It  would  exceed  the  limits  intended  for  the  present  volume,  to 
enumerate  the  diflferent  places  in  which  #)is  valuable  mineral  occurs. 
I  propose  to  note  only  the  more  remarkable  situations,  presenting 
phenomena  that  may  tend  to  illustrate  the  mode  of  its  formation. 
Among  these  should  not  be  omitted  the  ^alt  lakes  on  the  borders  of 
Caflfraria,  east  of  ^the  Cape  of  Good  Hope,  which  contain,  at  their 
bottom,  thick  beds  of  rock-salt  variously  coloured. 

Thefe  is  k  remarkable  formation  of  ^alt  at  Posa,  near  Burgos,  in 
Castile,  placed  in  an  immense  crater  of  an  extinct  volcano,  in  which 
are  found  pumice-stone  and  puzzolana.  The  volcanic  mountain  of 
Calogero,  near  Sciaeca,  in  Sicily,  contains,  in  its  beds,  a  considera- 
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bit  intennixture  of  common  salt ;  and  masses  of  rock-salt  occur  in 
other  pans  of  the  island,  imbedded  in  clay.*    In  these,  and  in  some' 
other  instances,  it  is  probable  that  subterranean  fire,  by  evaporating 
the  Waters  of  salt  lakes,  or  of  countries  recently  emerged  from  the 
ocean,  may  have  been  an  active  agent  in  the  formation  of  rock-salt* 

The  rapid  formation  of  rock-salt  in  Syria,  during  one  of  those 
igneous  eruptions  which  have^  at  times,  overwhelmed  certain  portions 
of  the  globe,  is,  perhaps,  obscurely  alluded  to  by  the  sacred  writer, 
who  has  narrated  the  early  history  of  the  human  race.   Gen.  chap. ' 
xix.<|    The  salt  lakes  existing  in  that  country  are  well  known. 

M  hether  all  the  repositories  if  rock-salt  above  enumerated  occur 
in  the  red  marl,  cannot,  in  the  present  state  of  our  informatioo,  be 
accurately  ascertained.  The  great  formation  of  rock-salt  and  gyp* 
sum  Dear  Bex  ia  Switzerland,  constitutes  two  large  and  extensive 
beds.  The  lowest  rests  upon  black  limestone,  argillaceous  limestone 
and  sandstone;  and  between  the  lower  gypsum  and  the  upper,  therd 
are  thick  beds  of  argillaceous  limestone,  and  similar  argillaceous 
limestone  form^  caps  over  the  upper  gypsum.  The  gypsum  in  the 
large  beds  is  anhydrous,  and  contains  particles  of  rock-salt  and  com- 
mon gypsum  disseminated  through  it.^  The  prevailing  fossUs  are 
ammonites  and  belemnites.— :f  Trave/i  m  the  TarefUaiit^.)     ' 

The  mineral  characters  of  the  strata  .at  Bex,  and  the  imbedded 
fossUs,  incline  me  rather  to  refer  the  argillaceous  limestotvsi  Over 
and  under  the  ^psum,  and  ^alt  bet^,  .to  the  English  lias,  than  to 
magnesian  limestone.  Many  beds  of  the  lias  in  England  contain* 
much  muriate  of  soda  and  sulphate  of  inagoeaia. 

The  saliferous  gypsum,  in  the  Tarentaise,  is  anhydrous,  and  con- 
tains a  considerable  quantity  of  silex ;  it.  occurs  interstratified  with 
limestone  which  bears  a  nearer  resemblance  to  the  magnesian  lime- 
stone than  lo  lias.  The  tops  of  some  of  «the  mountains  tfte  covered 
with  beds  of  common  gypsum,  intermixed  with  native  sulphur.  In 
one  of  the  roCks  associated  with  the  ^gyp^um  formation,  I  discovered 
a  fossil  Patella.  Though  a  branch*  of  the  -Ecoh  des  Mines^  with 
able  instructors  from  Pairis,*  had  been  for 'some  years' established  at 
Idoutiers,  close  to  the  salt  formations,,  a  very  erroneous  opinion  res- 
pecting the  gypsum  of  the  Tarentaise  ^*as  maintained  by  the  profes?' 
sors;  namely,  that  the  gypsum  merely  -formed  an  unconformable 
covering  over  the  adjacent  mountains.  I  observed  it  in  several  parts 
of  the  valley  of  the  Doroq  near  Moutiers,  as  distinctly  interstratified 
in  the  cakareous  mountains,  as  the  gypsum  of  Montmartre  13  intec- 
su^tified  between  (he  tertiary  formations  near  Paris. «  In  one  of  the 

-  • 

•  . . ^ 

I  ■»-■  ■  f -.I...,!.! ,..  .1.  »    .^ 

♦  Travek  in  Sicily,  by  Lieut.  Gen.  Cockburn. 

t  Jerome,  who  readed  in  Syria,  in  the  fourth  century,  informs  us,  that  the  rock 
of  salt  was  existing  in  his  time;  and  fanciful ly*relates  certain  peculiarities  res- 
pecting it,  which  equal  in  absurdity  the  legends  of  the  darkest  ages  of  papal  sn- 
peisliuoD. 
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]b^6A  bf  gyptfuiDj  fhere  was  &  thin  itrfltum  of  ca^bqiiaceoofi  thmier, 
-which  soiled  the  fingers  like  coal  smut ;  this  is  the  only  itistiiilce  of 
^arbooaceoas  tnatter  found  it|  gypsum  that  t  am  acquainted  with. 

Transpareuti  colourless  rock-salt  consists  of  muriate  of  soda,  near- 
ly in  the  highest  state  of  purity ;  or,  according  to  Sir.  H.  Davy^  of 
^lorineand  sodium^  It  has  so  little  water  of  crystallisation,  that  it 
4Gar^ely  decrepitates  wh^n  thrown  on  burning  coals^  in  which  h  dif- 
fera  from  salt  prepared  artificially  by  eyaporatioD.  SpecimenB  of 
rock-salt  brou|;ht  from  the  Polish  mine$,  are  less  disposed  to  deli^- 
quesce^  than  tnose  from  Gbeshik^o.  .The  deep  red  colour,  very  cocih> 
Mon  to  fbck^Bah,  h  derived  from  the  oside  of  iron^  Rock-salt  in 
detached  masses  frequently  lies  imbedded  in  clay  or  mari)  tb^  day 
is' often  much  impregnated  with  salt,  which  is  extracted  from  it  by  so- 
lution in  water.  •  The  almost  constant  occurrence  of  sulphate  of  lime 
(gypsum)  with  rock-salt,  is  also  a  fact  of  considerable  intererest.  It 
h  curious  to  obserre  the  two  most  powerful  adds,  thil  sulphuric  and 
muriatic,  so  nearly  associated  in  tfad  tame  place,  l^his  fact,  in  a 
more  adrancpd  state  of  science,  mav  ehioidate  the  chemical  changes 
which  have  efi*ected  the  formation  ot  these  minerals. 

The  most  natural  hypothesis  respecting  the  formatibn  of  rock-salt, 
at  least  in  some  situatbns,  is  that  before  stated,  which  attribmes  it  to 
the  gradual  evaporation  of  lakes  and- pools  of  sak  water,  which  re- 
mained, when  die  ocean  retired  iVom  the  present  continents.  Thb 
mineral,  by  slow  evaporation,  would  be  separated  from  the  impure 
lahs  ibflt  exist  in  sea  water ;  and  as  these  salts  are  more  deliquescent 
than  rock-salt,  they  might  be  washed  away,  before  the  beds  of  rock- 
salt  were  covered  with  earthy  strata. 

The  •occurrence  of  anhydrous  gypsum  with  ro<^k-salt,  which  is 
abo  anhydrous,  would,  however,  indicate  the  action  of  heat,  in  the 
formation  of  these  minerals,  for  it  is  scarcely  possible  to  conceive 
any  n^ode 'of  aqueous  deposition,  that  could  form  anhydrous  gypsum: 
but  common  gypsum  might  be  fgsed  by  heat,  and  its  water  of  crys- 
telli^s^tion  expelled ;  it  would  then  be  converted  into  anhydrous  gyp- 
ium.  From  the  observations  of  JVt.  Oarpeniier  at  Bex,  it  appears, 
that  the  great  beds  of  gypsum  associated  with  rock-salt,  when  they 
are  laid  open  to  the  atmosphere,  are  always  found  to  be  anhydrous, 
but  they  soon  absorb  water,  and  are  converted  into  common  gypsurii. 
Th^  saliferous  gypsum  in  other  parts  of  the  Alps,  is'also  anhydrous; 
and  if  it  should  appear  that  the  beds  of  gypsum  associated  with  rock- 
sah  in  other  countries  are  anhydrous,  where  they  have  not  been  ex- 
posed to  the  action  of  moisture,  it  would  add  mudh  ppobabili|y  to  the 
opinion,  that  the  consolidadon  of  rock-salt  and  gypsum  had  been  ef- 
fected by  heat. 

BefoiNB  concluding  the  account  of  the  red  marl  and  sandstone  for- 
matk>n,  it  may  be  proper  to  state,  that  foreign  geologists  contend  for 
the  existence  of  a  red  sandstone  over  coal,  which  is  laid  conformably 
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with  the  coal  strata,  and  is  a  part  of  that  formation.*  If  such  a  red 
sandstone,  distinct  from  the  new  red  sandstone,  exist  any  where  in  Eng- 
land, it  is  near  Oldham  and  Rochdale  in  Lancashire.  The  sandstone 
of  Lancashire  is  coloured  in  Mr.  Greenough's  Geological  Map  of  Eng- 
land, as  the  new  red  sandstone,  and  in  Mr.  Smith's  Geological  Map, 
as  the  old  red  sandstone ;  but  I  an  inclined  to  believe,  that  the  true 
position  (gisement)  of  this  sandstone  in  many  parts  of  Lancashire, 
IS  not  yet  ascertained  :  its  relations  with  the  coal  strata  are  difierent 
from  those  of  the  new  red  sandstone  in  other  parts  of  England.— I 
propose  to  revert  to  this  subject  in  a  subsequent  chapter. 

Professor  Sedgwick,  in  a  paper  recently  read  at  the  Geological 
Society  of  London,  but  not  yet  published,  has  described  the  red 
sandstone  formation  on  the  north-western  side  of  England,  which  bad 
Dot  before  been  sufficiently  examined.  The  formation  agrees  with 
thai  on  the  eastern  side  of  £ng|;ind  in  its  leading  features.    First, 

there  rest  unconformably  over  coal  measures  of  Whitehaven, 

• 

1.  Coarse  sandstone  of  great  thickness,  or  the  lower  red  sandstbne. 

2.  Magnesian  conglomerate  beds  of  considerable  thickness. 

3.  Magnesian  limestone. 

4.  Lower  red  marl  and  gypsum. 

5.  Red  and  variegated  sandstone. 

The  sandstone  No.  3.  and  also  other  beds  of  red  sandstone,  some^ 
times  approach  to  a  position  nearly  conformable  to  that  .of  the  coal 
measures.  Too  much  importance  appears  to  me  to  be  attached  t^ 
ihii  drcumstance;  for  whenever  the  coal  strata  take  nearly  an  horp- 
zontal  pontion^  the  upper  unconformable  strata  will  take  the  same  ptn 
tiiicn^  and^nay  therefore  be  conformable  in  such  situations^  and  «f^ 
coftformable  in  others  where  the  subjacent  strata  are  mare  tncKned. 


«  Le  Gr^s,  masse  principale  de  terrain  houiller,  prende  souvent  u]\e  grand  ez<* 
tension,  en  abandoDnant  an  moins  en  majeure  partie  la  boaille  avec  I'argile  schi»- 
tease  qui  l*«nvellope. — Daubuisson^  Traits  de  Giognosie^  tome  3.  ' 

M.  H/  Bonnard,  in  his  ApperQu  GiognoUimu  de$,  Tfrrainsj  p.  144.,  describes 
the  red  sandstone  as  the  upper  part  of  tne  coal  formation. 

A.  Humboldt,  in  his  Essai  Gio^nostique  sur  le  Gisement  des  Roches^  p.  199., 
mentions  a  red  sandstone  passing  into  porpbjny,  as  the  upper  part  of  the  coal'for-> 
mation  in  Germany. 

Messrs.  Daubuisson,  andBonnard,  appears  to  have  mistaken  tl^e  lowest  part  of 
the  red  marl  and  sandstone,  for  a  portion  of  the  regular  coal  strata.  M.  Hum- 
boldt, makes  a  distinction  between  the  nn conformable  red  sandstone  and  the  pof« 
phjritic  red  sandstone,  which  he  c^tes  as  a  part  of  the  regular  coal  formation. 


23 


178 


CHAPTER  XII. 

ON  TH9  LIAS   AND    OOLITIC    8KRIBS. 

geological  Position  of  Lias  Clay  and  Limestone. — Their  mineral  Characters.-' 
Alum-Slate  in  Lias. — Remarkable  Organic  Remains  and  Characteristic  Fos- 
sils.— Extent  of  the  Lias  Formation  in  England. — Interesting  Jnnctions  of  Lias 
and  Red  Marl. — Lias  of  France  and  the  Alps. — Oolite  or  Roestone,  the  Jus 
Limestone  of  Foreign  Geologists. — Mineral  Characters,  and  remarkable  Or- 

fanic  Remains. — Lower  Oolite. — Oxford  or  Clunch  Clay. — Middle  Ooliles— 
[immerldge  Clay. — Upper  or  Portland  Oolites. — Stonesfield  Slate  with  Or- 
ganic Remains  ox  Insects,  Birds,  Flying  Reptiles,  and  small  Land  duadrupeds. 
— Extent  of  the  Oolite  Formation  in  England,  and  its  abrupt  TerminatioD — 
Sections  of  the  Oolitic  Series  of  Beds  in  Yorkshire  and  the  West  of  EngU&d, 
con»pared  with  a  Section  of  the  Secondary  Strata  in  Germany. 

Thc  great  bed  of  dark  grey  argillaceous  limestone,  divided  ioto 
thin  strata  (and  associated  with  beds  of  clay)  called  Lias,  is  the  best 
characterized  of  all  the  secondary  strata  (except  chalk),  both  by  its 
mineral  characters  and  ttie  fossil  remains  imbedded  in  it ;  and  it  pre- 
sents the  same  characters  through  a  considerable  part  of  France  and 
Germany. 

The  geologist  who  has  taken  a  comprehensive  view  of  differeDt 
rock  formations,  and  has  compared  the  resemblance  as  well  as  (be 
diversity  they  present,  mtlst  frequently  have  observed  a  tendency  in 
nature  to  reproduce  similar  strata  in  distant  parts  of  a  series  of  strata, 
and  even  in  different  formations.  In  the  chapter  on  the  Coal  Meas- 
ures, I  have  given  examples  of  the  repeated  recurrence  of  simBar 
strafta  at  different  depths,  implying  a  recurrence  'of  the  same  coodi- 
tions  under  which  each  had  beep  fqrmed. 

In  the  lowest  part  of  the  magnesian  limestone  in  the  northern  coun- 
ties, there  are  thin  strata  of  marly  limestone,  caHed  by  Professed 
Sedgwick  Marl-slate,  which  may  be  regarded  as  the  first  approach  to 
a  formation,  resembling  lias  in  many  of  its  characters.  Agaio,  cffer 
the  middle  beds  of  the  sandstone  there  occurs  a  considerable  thick- 
neis  of  strata,  in  many  respects  resembling  lias,  called  the  Muscbel- 
kalk ;  it  mav,  perhaps,  whep  viewed  on  a  large  scale,  be  considered 
as  a  lower  forAnation  of  lias,  separated  from  it  by  the  variegated  marls 
of  the  upper  red  sandstone.  This  bed,  as  before  stated,  has  not  been 
discovered  in  England.  The  lias,  therefore,  cannot  be  mistakeo  for 
any  of  the  lower  strata ;  it  serves  as  a  key  to  the  geology  of  the  se- 
condary formations  in  England  ;  and  the  first  enquiry  which  the  stu- 
dent should  make,  when  he  is  in  doubt  respecting  the  position  of  any 
of  the  secondary  beds,  should  be.  Does  it  occur  above  or  below  the 
lias.9 

The  name  lAae  was  probably  given  to  this  formation  by  the  pro- 
vincial pronunciation  of  the  word  tayer$f  as  the  strata  of  lias  iimesiooe 
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ire  generally  veiy  regular  and  flat,  and  can  be  easily  raised  in  slabs 
froaa  <be  quarry.  When  the  lias  beds,  with  their  assoeiaied  beds  of 
clay^  «re  fully  developed,  they  form  a  mass  of  strati6ed  limestone 
and  clay,  several  hundred  feet  in  thickness,  which  rests  upon  the  red 
narl  described  in  the  preceding  chapter. 

The  regularly  stratified  lias  limestone  occupies  the  lower  part  of 
the  bed,  and  the  lias  clay  the  upper.  The  lower  beds  of  the  lime* 
stone  have  often  a  yellowish  white  colour,  and  are  called  white  lias. 
The  Uae  lias  limestone  has,  generally,  a  dark  smoke-grey  pok>ur,  a 
datt  earthy  texture,  and  an  imperfectly  conchoidal  fracture :  the 
pnrest  beds  contain  from  80  to  90  per  cent,  of  carbonate  of  lime, 
combined  with  bitumen,  alumine,  and  iron.  If  iron  enter  largely 
into  tbe  composition  of  this  limestone,  it  forms  a  lime,  which  when 
burned,  has  the  property  of  setting  under  watet. 

Tbe  finer  kinds  of  white  lias  will  receive  a  polish,  and  may  be 
used  for  lithographic  drawings.  Between  the  lower  lias  limestone 
and  the  lias  clay,  there  occur,  in  some  situations,  beds  of  sandy  lias, 
with  layers  of  ironstone  in  nodules :  this  part  of  the  lias  formation 
has  been  called  marl-stone  in  some  of  the  midland  counties. 

The  lias  clay  frequently  occurs  in  the  form  of  soft  slate  or  shale, 
which  divides  into  very  thin  lamins.  This  shale  is  often  mUch  im- 
pregnated with  bitumen  and  with  iron  pyrites,  and  will  continue  to 
burn  slowly  when  laid  in  heaps  with  faggots,  and  once  ignited :  du- 
ring this  slow  combustion,  the  iron  pyrites  are  decomposed,  the  sul- 
phur combines  with  the  oxygen  of  the  atmosphere  to  form  sulphuric 
acid,  and  this  combines  with  a  portion  of  the  alumine  in  the  shale, 
and  forms  sulphate  of  alumine  or  alum.  The  alum  shale  of  Whitby 
in  Yorkshire  is  of  this  kind ;  it  has  rather  a  soapy  feel,  and  a  slight 
silky  lustre.  When  the  lias  clay  pr  alum  shale  falls,  in  large  masses, 
from  tbe  cliffi  upon  the  sea  shore,  and  becomes  moistened  by  sea 
water,  it  ignites  spontaneously  and  continues  burning  a  considerable 
time.  About  the  middle  of  the  last  century,  the  cliffs  of  lias  c|ay 
near  Lyme,  in  Dorsetshire,  took  fire  after  heavy  rains,  and  continued 
burning  for  several  months :  at  the  present  time,  a  bill  near  Wey^iouth 
is  ignited  by  a  similar  cause ;  it  is  composed  of  bituminotn  clay  with 
pyrites,  but  it  is  an  upper  bed  in  the  oolite  formation  called  Kimmer- 
idge  clay. 

Lias  clay  is  impregnated  with  a  considerable  portion  of  muriate  of 
s6da,  and  sulphate  of  magnesia  and  soda.  The  mineral  springs  of 
Cheltenham  and  Gloucester  rise  in  this  clay ;  but  the  mineral  quali- 
ties decrease  after  the  springs  have  been  opened  some  time,  which 
proves  that  the  saline  matter  is  derived  from  parts  of  the  bed  adjacent 
to  the  springs,  and  is  therefore  soon  exhausted. 

The  beds  of  lias  clay  and  limestone  are  particularly  distinguished 
by  the  number  and  variety  of  the  organic  remains  which  they  con- 
tain. Twenty  different  kinds  of  ammonites  have  been  discovered  in 
lias,  and  also  nautilites,  belemnites,  and  other  species  of  bhambered 
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Ehells.  Uninlve  uncbimbAred  shells  are  doI  Dumerous  in  ibis  lor- 
tnation,  but  s  ffe^t  varietjr  of  biralve  shells  occur  in  it.  The  gry 
phite  ( Giyphaa  ineurva),  a  deeply  incurved  bivalve  shell,  abounds  so 
much  in  some  of  the  beds  of  Jias,  that  in  Fraoce  it  has  received  tba 
name  of  Culeaire  a  grypkiUt*  Pentacrinites  also  abound  in  the 
upper  part  of  the  lias ;  and  in  conjunction  with  grypbiiea,  and  die 
aramoaites  that  have  a  ridge  between  two  ftH-rowa  round  the  bock  ot 
the  shell,  are  cbaracteristic  of  the  lias  formation.  The  pentacriniie 
and  encrinite  were  zoophytes  with  long  aniculaied  stems  and  bnncb- 
ea :  in  the  encrinite  the  item  is  round,  in  the  pemacriniie  peniagpoil. 
The  annexed  cut  represents  part  of  the  branches  or  arms  of  tbe  Bii- 
arean  pentacriaite. 


The  most  remarVable  organic  remains  are,  however,  certain  spe- 
cies of  fish,  and  veriebrated  animals  allied  lo  the  order  of  liznrds: 
(be  fossil  Gsb  are  generally  found  In  the  middle  of  flattened  balls  of 
iimeslone,  in  which  ihe  form  of  the  body  and  tbe  scales  is  often  well 
preserved.  The  saurian  or  lizard-shaped  animals  have  (eft  no  (race 
of  the  form  of  their  bodies,  except  what  can  be  ascertained  from  ibe 
remaining  skeletons.  To  the  Rev.  W.  D.  Conybeare  we  are  Indebted 
for  havingdetermined  the  forms  of  two  genera  of  these  ani[nals.  The 
ichthyosaurus,  or  fish-lizard,  had  a  head  resembling  a  dolphin  more 
itiaa  a  lizard,  and  numerous  conical  leeth ;  the  orbit  of  the  eye  is 
uncommonly  large.  Some  idea  may  be  formed  of  the  magnitude  ot 
these  animals,  when  I  mention  that  the  orbit  of  the  eye  in  a  head  be- 
longing lo  Mr.  Johnson  of  Bristol,  which  I  measured,  was  ten  ioches 
long  and  seven  broad :  the  orbit  in  another  head,  belonging  to  tbe 


•  The  Gryplisn  ineurva  hai  nol,  that  I  know  of,  been  foanij  io  Ens'sDd  eiihtr 
above  ur  below  the  lias,  and  therefore  may  be  regarded  as  alone  chHraelcrisiK'  "f 
thti  Tormalioo.  These  (bells  occ at  very  abnndBDilr,  anil  aie  proTJnci&Ur  called 
Uilkra'  TbumtM. 
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nme  gentlemBD,  moasured  nine  inches  id  breadth.*    The  rertebm 
of  ibe  ichtbjosaiirus  nearly  resemble  those  of  s  shark,  which  enabled 


it  to  faend  its  -tail  widi  great  facility,  and  assisted  the  motion  of  its 
Mddlet,  in  propelling  the  body  viih  great  reloeity  tbroiigh  water; 
The  ^eleton  of  the  ichthyosaurus,  ts  arranged  by  Mr.  Conybeare, 
is  represented  in  the  annexed  cut.  Of  the  icbthyosanis,  s^ieral  spe* 
cies  hire  been  discovered.  The  plesios&urus  resembles  the  former 
feauB  b  many  itdportant  parts  of  its  osteology ;  hut  its  vertebrK  have 
scfoserapproximation  to  thoseof  tbecropodile^  they  are  only  sfight- 
Jy  coneave :  its  neck  was  longer  than  its  body,  and  was  composed  of 
thirty  Tertebrn,  which  exceeds  the  number  of  the  cervical  venebrs  of 
the  swan.    (See  the  annexed  cut.)    FiTe'speciesofplesiosauriusbare 


been  delermioed ;  some  of  them  were  30  feet  in  length.  The  hemes  of 
both  animals  are  fouod  very  commonly  in  the  cWSs  of  Has  at  Lyme 
inDorseishire,  andon  the  southern  bank  of  the  Severn.  The  organic 
remains  in  lias  are  chiefly,  but  not  exclusively,  marine.  Bones  of 
the  turtle  and  crocodile  have  been  discovered  iu  lias :  tbe  fossilized 
remains  of  terrestrial  plants  also  occur  In  ii.  This  proves  that  dry 
land  must  have  existed  in  its  vicinity,  at  the  period  of  its  depostiioa. 
The  lias  formatioQ  extends)  in  awaviugline,  through  England,  from 
near  Whitby  in  Yorkshire  to  Lyme  in  Dorsetshire;  at  both  its  ex- 
ireraiiies  it  is  fully  developed,  and  presents  similar  features,  namely,^ 
dark  cliffs  of  blackish  clay  or  alum  shale,  with  a  nearly  flat  floor  of 
lias  limestone  ezteiiding  into  the  sea,  formiug  a  natural  pavement, 
00  nhicli  the  observer  may  walk  secure,  treading  at  almost  eveTy 
step  on  tbe  organic  remains  of  the  inhabitants  of  a  former  norlo, 
dissemioated  through  the  rock.     These  animal  remains  are,  gener- 

•  Mr  JohnsoD  of  Briital  hns  dariiig  many  years,  devored  nach  time  and  latioiir, 
aad  hen  liberally  eipended  considerable  sums  of  money,  in  coUecling  organic  re- 
mains of  these  saariaa  animals;  and  i(  is  to  the  colleclion  of  these  r«niains,  in  his 
C'  rate  mn^nm,  ifaat  we  are  principally  iDdebled  for  Ihe  discoveriei  wbic^  han 
D  mnde  respecliog  Ihem. 
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ally,  surrounded  by  stone  harder  than  the  other  part  of  the  stratum, 
and  project  above  the  surface.  At  Sandsend,  near  Whitby,  the  alum 
shale  has  been  perforated  near  the  sea,  to  the  depth  of  one  hundred 
and  thirty  yards,  without  penetrating  into  the  subjacent  rock^  to 
.  which  if  we  add  the  height  of  the  cliffs  above,  it  will  make  a  total 
thickness  of  lias  exceeding  two  hundred  and  twenty  yards :  the  up- 
per parts  are  more  productive  of  alum  than  the  lower.*  In  Dorset- 
shire, the  whole  thickness  of  the  lias  formation  may  be  seen  in  succes- 
sion :  a  fevf  miles  west  of  Bridport,  the  uppermost  bed  riises  above 
the  level  of  the  sea ;  and  three  miles  west  of  Lyme  it  terminates, 
and  the  white  lias  (the  lowest  part  of  this  formation)  may  be  obser- 
ved at  low  water  resting  on  red  marl. 

iThe  lias  formation  is  extensively  developed  on  the  eastern  side  of 
France.  In  passing  by  Rouvray  to  Dyon,  in  the  year  1820,  I  was 
exceedingly  struck  with  the  complete  resemblance  of  the  geology  of 
the  country,  with  thtit  of  Leicestershire  and  Worcestershire.  Be- 
fore arriving  at  Rouvray,  we  pass  over  red  marl ;  after  leaving  that 
town,  the  road  traverses  a  very  low  range  of  decomposing  sienite  and 
granite  rocks,  exactly  •similar  to  those  of  Malvern ;  after  which  it 
passes  for  several  miles  over  well  characterized  lias,  filled  with  gry- 
pbites  and  belemnites :  masses  of  the  harder  parts,  filled  with  these 
fossils,  are  collected  for  keeping  the  road  in  repair. 

In  England,  lias  limestone  occurs,  almost  always,  in  neariy  hori- 
zontal strata,  and  never  attains  any  great  elevation.  On  the  west  of 
Gk)ucester»  at  Higbnam  Park,  lias  limestone  forms  a  nearly  flat  pave- 
ment, resting  on  red  marl,  on  the  summit  of  a  hill  about  two  hundred 
and  fifty  feet  above  the  level  of  the  Vale  of  Severn.  From  this 
point  to  the  north-west,  there  is  no  bed  of  lias  known  in  England  or 
Wales ;  but  it  is  found  in  the  north-west  part  of  Ireland,  and  in  some 
of  the  Hebrides.  At  Barrow-on-Soar,  in  Leicestershire,  lias  rises 
cbhshlerably  above  the  level  of  the  river ;  it  is  in  the  flattened  balls 
that  occur  in  the  Barrow  limestone,  that  the  finest  specimens  of  fossil 
fish  are  found.  The  most  interesting  junction  of  lias  and  red  marl, 
that  I  have  observed,  occurs  in  the  south  side  of  the  Severn  at^ust 
passage,  where  the  red  marl  tnay  be  seen  for  a  considerable  distance, 
supporting  the  lias,  but  separated  from  it  by  a  micaceous  bed,  filled 
with  broken  bones  of  saurian  animals,  and  other  organic  remains. 
Another  junction  is  mentioned  Chap.  II.  p.  20.  The  lias  clay,  from 
its  comparative  softness,  has  been  more  affected  by  the  action  of  tor- 
rents and  inundations  than  the  strata  above  or  beneath  it :  hence  it  is 
frequently  excavated  into  valleys.  Some  of  the  mountain  valleys,  b 
the  Alps,  are  cut  in  lias  clay.  The  lias  limestone  of  the  Alps  and 
the  Jura,  loses  its  flat  and  parallel  stratification,  and  is  bent  and  con- 


•  Mr  John  Phillips,  in  his  recent  survey  of  the  Yorkshire  coast,  estimates  tb^ 
average  thickness  of  the  lias,  comprising  the  lower,  middle,  andf  upper  beds,  at 
850  feet,  or  283  yards. 
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toned  in  various  directions ;  it  also  frequently  loses  its  eartbj  tex- 
ture, and  is  hard  and  seraicrystalliney  like  transition  limestone. 

The  Re^.  R. 'Halifax^  of  Standisbi  near  Gloucester,  obligingly 
showed  me  part  of  the  lias  and  oolite  beds  in  the  vicinity  of  Chelten- 
ham, which  he  had  particularly  studied.  Between  the  upper  lias 
clay  and  the  oolite,  there  is  a  thick  bed  of  reddish  earth  with  ferru- 
gmous  nodules  inclosing  portions  of  lias  ;  this  earth  may  be  seen  crop- 
ping out  at  the  foot  of  Leckhampton  Hill.  No  well-marked  natural 
division  exists,  which  can  determine  whether  this  bed  should  be  class* 
ed  with  lias,  or  the  oolites.  The  fossils  in  lias  clay  and  lin^esione 
are  nearly  black,  and  are  sometimes  incrusted  with  pyrites.  .  > 

The  most  valuable  mineral  substances,  obtained  from  lias  in  Eng- 
land, are  water-setting  lime  end  alum  shale.  The  property  of  setting 
under  water  may  be  communicated  to  any  kind  of  lime,  by  an  admix- 
ture with  burned  and  pulverized  ironstone.  '  Many  of  the  bituminous 
and  pyritical  shales  in  the  coal  strata,  if  they  could  be  obtained  with 
facility,  would  yield  alum  by  slow  combustion^  When  alum  shale  is 
burned,  and  the  soluble  part  is  extracted  by  water,  it  is  necessary  to 
add  potass  before  the  process  pf  evaporation,  as  cisystallized  alum  is 
a  triple  salt,  composed  of  sulphate  of  alumine  and  potass. 

Oolite% — Th&  numerous  beds  of  yeUowish  li^anestone  alternating 
with  beds  of  clay^  marl,  sand,  and  sandstone,  that  compose  the  oolite 
formation  in  England,  are  of  variable  thickness ;  their  aggregate  aver- 
age depth,  from  the  top  of  the  upper  oolite  to  the  lias,  may  be  esti- 
mated at  1200  feet.  These  beds  may  be  traced,  with  little  interrup- 
tion, aIo[\g  a  waving  line  from  the  Cleveland  Hills  in  Yorkshire,  into 
Dorsetshire.  In  Grloucestershire,  they  compose  a  lofty  range  of  hills 
on  the  south  side  of  the  Vale  of  Severn,  called  the  Cotteswold  Hills ; 
but  no  strata  of  this  formation  are  found  in  any  part  of  England  or 
Wales  north-west  of  the  river  Severn.  In  many  .parts  of  France, 
the  oolite  strata,  accompanied  with  lias,  present  all  the  characters  of 
the  same  formation  in  England  ;  but  ia  the  Jura  mountains,  where 
tfaey  aro  fully  developed,  the  mineral  characters  often  differ  consid- 
erably ;  and  it  is  only  from  the  geological  position  and  the  imbedded 
fossils,  that  they  can  be  identi&ed  with  the  EngVish  series. 

Oolite  or  Roestone  receives  its  name  from  the  small  globules  like 
^  the  roe  of  a  6sh,  that  are  imbedded  in  many  of  the  strata :  in  sonaa 
instances,  these  globules  attain  the  size  of  a  pea,  and  this  variety  has 
obtained  the  name  of  Pisiform  oolite^  In  England,  nearly  all  the 
beds  of  limestone  that  are  oolitic,  in  this  formation,  have  a  yellowish 
brown  or  ochrey  colour,  by  which  they  may  at  first  sight  be  distin- 
guished from  lias.  The  limestone  in  which  the  globules  are  imbed- 
ded has  generally  an  earthy,  texture,  and  is  dull  and  incapable  of  re- 
ceiving a  polish  :  some  varieties  of  oolite  have  been  much  used  for 
architecture.  Somerset  House,  and  many  of  the  public  buildings  in 
London,  are  constructed  of  this  stone ;  but  it  is  not  durable.  The 
occurrence  of  small  oviform  globules  in  limestone  is  not  confined  ex- 
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cluslveljr  to  the  oolite  Formation :  in  the  magnesian  limestone,  and 
even  in  transition  limestone,  a  tendency  to  an  oolitic  structure  maj 
be  sometimes  ob^erred.  It  is  not  yet  ascertained,  whether  these 
globules  are  the  result  of  a  tendency  to  crystalline  arrangement,  or 
whether  they  are-  of  animal  origin. 

(The  organic  remains  that  occuV  in  the  diflerent  beds  of  oolite  are 
80  numerous  and  various,  that  it  would  require  an  ample  volume  to 
describe  them  fully.  It  will,  however,  be  necessary  to  notice  those 
fossil  genera  that  differ  remarkably  from  the  genera  whose  remains 
are  found  in  the  lower  strata,  and  indicate  a  considerable  change  in 
the  condition  of  the  globe,  or  at  least  in  those  parts  of  it  where  the 
strata  were  deposited. 

It  has  been  already  observed,  that  most  6f  the  shells  m  the  lower 
strata  are  different  species  with  internal  chambers,  such  as  nautilites, 
ammonites,  and  belemnites,  and  that  univalve  unchambered  shells 
are  rarely  found  among  them.  By  far  the  greater  number  of  genera 
that  have  left  their  remains  in  these  strata  belong  to  the  acephalous 
MoUusca,  or  such  as  had  neither  heads  nor  eyes,  and  inhabited  bi- 
vaWe  shells.  Even  in  the  lias,  only  about  five  genera  of  spiral  uni- 
valve unchambered  shells  have  been  well  ascertained,  and  the  Dum« 
ber  of  specie j  or  of  individual  shells  is  small.  In  the  oolite,  the  ge- 
nera ^nd  species  of  univalve  unchambered  shells  are  more  numerous, 
and  the  fddividual  shells  of  several  species  abound  in  some  of  the 
strata.  Noty,  as  thfese  animals  had  beads  and  eyes,  and  moved  on 
their  bellies  like  the  land-snail,  we  may  infer,  (hat  they  did  not  live 
in  deep  seas,  where  the  sense  of  vision  could,  not  be  available ;  they 
lived  and  moved  in  comparatively  shallow  water  near  the  shore. 

The  vertebraied  animals,  whose  remains  are  found  in  oolite,  are 
fishes  and  reptiles  of  the  ^ame  genera  as  those  discovered  in  lias; 
some,  undoubtedly,  belong  to  the  crocodile  genus,  and  had  feet,  like 
the  living  species  of  crocodiles ;  hence  we  may  infer,  that  there*  were 
dry  land  and  rivers  in  the  vicinity. 

i  It  may  well  excite  surprise,,  that  calcareous  strata  should  so  rarely 
be. found,  which  present  distinct  indications  of  liaving  been  formed 
exclusively  by  coralline  polypi ;  particularly  as  coral  rocks  and  reeft, 
of  great  extent,  are  so  rapidly  forming  in  our  present  seas.  There 
are,  however,  among  the  sti*ata  of  oolite,  some,  which  are  composed 
almost  entirely  of  madreporite^,  and  have  received  the  name  of  coral 
ragg.  There  are  other  strata  which  abound  in  the  remains  of  fossil 
sponges  and  alcyonia,  and  with  congeries  of  minute  millepores  and 
madrepores.  More  than  twenty  species  of  trochiform  or  top-shaped 
spiral  shells,  and  several  species  of  echinites,  are  found  in  die  oolite 
strata;  but  in  the  lias  below,  as  before  stated,  only  a  few  genera  and 
species  occur,  and  the  individual  shelb  are  scarce.  Tbegryphaa  ui- 
evrva^  so  common  in  the  lias,  is  rarely  if  ever  found  in  the  oolite 
strata ;  but  another  species,  with  a  broad  expanded  shell,  called  the 
gryphaa  dUataia,  is  a  fossil  frequently  found  in  difierent  beds  of  the 
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oo}ite  formatioD. .  Tbe  shells  end  bones  in  the  oolite  limestooe,  have 
the  yellowish  ochrey  colour  of  the  stooe  in  which  they  are  imbedded  j 
which  may  serve,  at  once,  to  distinguish  them  from  the  lias  fossils^ 
that  iDvariably,  partake  of  the  colour  of  .the  beds  in  which  they  oc- 
cur. English  geologists  make  three  divisions  of  the  oolite  formation, 
— 4he  upper,  the  middk,  and  the  lovfer :  they  are  separated  by  thick 
beds  of  clay,  and  some  variety  may  be  observed  io  the  fossils  of  each 
division,  but  the  general  characters  are  nearly  (he  same.  In  an  ele- 
mentary treatise,  a  too  minute  descriptioa  would  only  perplex  the 
studept,  particularly  as  some  of  the  beds  appear  to  be  of. limited  ex- 
tent. 

The  longer  Jftvmo^  of  ooZi^e,  comprises ;  Ist,  an  imperfect  dark 
brown  limestone,  much  intermixed  with  sand  and  the  oxide  of  iron; 
2dly,  beds  of  sterile  clay  and  fuUer's-earth ;  and,  3dly,  the  great 
oolite,  sometimetr  called  the  Bath  oolite,  which  is  of  considerable 
thickness,  and  yields  freestone  for  architecture :  it  is  composed  of 
minute  globules  and  broken  sheUs,  united  by  a  yellowish  earthy  cal- 
careous cement.  With  the  lower  division  of  oolites  may  also  be  class- 
ed, 4thly,  the  forest  marble  and  Stonesfield  slate ;  the  latter  is  a 
sandy  calcareous  stone,  dividing  into  thin  strata,  accompanied  «witb 
shale  and  carbonaceous  matter.  The  b^ds  of  forest  marble  are  not 
nomerous,  and  are  chiefly  composed  of  large  fragments  of  shells; 
small  entire  turbinated  shells*  abound  b  some  of  the  strata.  It  de- 
serves  attention,  that  the  univalve  shells  are  most  frequent  in  the  thin 
beds,  and  tbe  bivalves  in  the  thicker  beds»  of  this  stone ;  5thly,  corn- 
brash.  This  is  the  upper  part  pf' the.  lower  division  of  oolites ;  it 
does  not  compose  beds  of  any  considerable  thickness,  nor  does  it  fre- 

Juently  occi^r  in  regular  strata  of  any  great  extent,  but  generally  in 
etached  masses,  cemented  by  clay :  the  external  part  of  the  stone 
is  brown,  but  tbe  inner  part  has  often  a  grey  or  bluish  colour.  The 
combrash  is  so  thin  a  bed,  as  scarcely  to  be  entitled  to  a  place  in  tbe 
division,  but  it  is  remarkable  for  the  abundance  of  its  fossils.  The 
above  arrangement  of  the  lowjSr  oolites  was  formed  from  their  occur- 
rence in  Somersetshire  and  the  vicinity,  where,  they  were  first  studied, 
but  it  by  no  means  represepts  the  general  succession  of  the  beds  in 
other  countries.  In  the  eastern  moorlands  of  Yorkshire,  the  oolitic 
series  are  well  displayed  on  the  coasts  and  have  recently  been  descri- 
bed by  Mr.  J.  Phillips.  Two  vast.depositions  of  sandstone^  sbale^ 
and  coal,  occur  below  the^cornbrash  in  the  following  order,  ascending 
from  the  lias  :^  ' 

Peet 

1.  Ferruginous  beds  above  Has,  thickness,  -        -        60 

2.  Lower  sandstone,  shale,  and  coal,         -        -    .    -      600' 

3.  Impure  limestone,  supposed  to  represent  the  Bath  oolite,  60 
4r  Upper  sandstone,  shale,  *and  coal,  ...  200 
6.  Combrash,       -        -        -        -        -        -        -5 

"825 
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This  imperfect  coal  formatioa  appears  to  be  entirety  warning  io 
England  south  of  the  Humber.  In  Savoy,  I  examined  a  coal  for- 
mation which  is  placed  between  ,two  beds  oflimestone  and  over  lias: 
this  I  believe  to  be  analogous,  in  positiou,  to,  that  in  the  eastern  moor- 
lands of  Yorkshire.*  • 

Between  the  lower  and  the  middle  oolites  occurs  a  bed  of  dark 
blue  clay  called  Oxford  or  clunch  clay ;  the  thickness  has  been  esti- 
mated at  two  hundred  feet.  Some  of  the  beds  are  bituminous,  and 
bear  a  near  resemblance  to  lias  clay ;.  they  abound  in  Septaria :  oth- 
er beds  are  much  intermixed  with  calcareous  earth,  in  the  lower 
Eart  of  the  Oxford  clay,  irregular  beds  of  limestone  occur,  which 
ave  received  the  name  of  Kelloway  rock,  frpm  being  found  n^ar 
KelloWay  bridge^  in  Wiltshire.  The  bones  of  one  species  of  iothy- 
oeeurusv  different  from  those  in  the  lias,  have  been  found  in  the  Ox- 
ford clay. 

■  The  MIDDLE  DITI8I0N  of  ooUte  consists,  Ist,  Of  beds  of  siliceous 
and  calcareous  sandstone,  ^d,  Coralline  limestone  beds,  coDtainiog 
numerous  madrepores,  in  some  parts  called  coral  ragg.  3d,  Oolite, 
sbmetimes  called  Oxford  oolite,  which  agrees  in  many  of  its  cbarao* 
ters  with  the  Bath  oolite,  in  the  lower  division.  The  beds  of  the 
middle  oolite  pass  into  each  otherj  and  may  be  regarded  as  one  for- 
matioa. They  vary  much  in  their  thickness  and  succession  in  (life^ 
ent  districu.  The  average  thickness  of  the  whole,  has  beeo  estioM- 
ted  at  two  hundred  feet. 

Between*  the  Middle  and  the  upper  Division  of  oolites,  there  oc- 
^rs,  in  the  we^ern  counties  of  England  and  on  the  coast  of  France, 
near  Boulogne,  another  thick  bed  of  clay,  which  has  received  the 
name  of  Kimmeridge  clay.f  It  is  a  greyish  clay  passing  into  the 
state  of  shale,  and  is  sometimes  so  bituminous  as  to  be  used  for  fuel  • 
its  thickness  in  some  parts  is  more  than  one  hundred  feeu  Bones  of 
saurian  tMT  lizard-shaped  animals  have  been  found  in  this  clay. 
*  The  tJPPKR  DIVISION  of  oolite  comprises  the  beds  of  Portland 
scone,  which  have  been  well  described  as  a  cateareo^-aiKceous  frs^ 
atone,  with  beds  and  nodules  of  flint.  In  the  Isle  of  Portland,  where 
liie  middle  bed  of  the  Portland  stone  is  <juarried  for  arcbiteotuialpu|[^ 
poses,  it  is  covered  by  a  .cream««ok>ured  stone  called  cap,  which  is 
only  burned  for  lime  :  under  this,  there  are  two  beds  pf  workaUe 
stocte,  each  five  feet  thick,  separated  by  grey  flint,  and  a  third  bed  of 
the  best  stone  below.  The  total  thickness  of  the  three  beds  of  build- 
ing-stone varies  from  17  to  24  feet.  The.  Portland  series,  which 
forms  the  upper  termination  of  the  English  oolites,  is  neither  of  great 
extent  (being  confined  to  the  county  of  Dorsetshire),  nor  of  con- 
siderable thickness.     It  is  succeeded  by  beds  of  limestone,  called  the 


•  Travels  in  the  Tarentaise.  -.. 

t  From  Kimmeridge  in  Dorsetshire,  where  the  bituminous  shale  is  called  Kim- 
meridge coal. 
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Puriieok  beds,  which,  bowerer,  properly  belong  to  the  Wealdeo  for« 
matioD  described  in  the  next  chapter.  Between  the  Portland  and 
Puibeck  limestone,  there  is  a  bed  of  dark*  earth,  called  the  dirt-bed, 
in  wbtcb  i:oot8  and  stumps  of  trees  occur,  sometimes  erect,  proving 
that  this  bed  was  once  dty  land,  and  the  soil  on  which  the  plan^  grew. 

It  would  Dot  be  compatible  with  the  plan  of  the  present  work,  *fe 
enter  into  a  detailed  description  of  the  numerous  beds  in  this  great 
formadon :  they  present  general  features  of  resemblance,  bodi  in 
their  characters  and  fossils.  There  is  one  bed,  however,  which  is  00 
remarkable  for  its  extraordinary  organic  remains,  .thai  it  merits  the 
particalar  attentbn  of  the  geologist.  This  is  (he  StonesBeld  slate  in 
Oxfordshire,  before  mentioned  :  it  is  now  regarded  as  an  undeebted 
neinber  of  the  oolite  series,  comprised  in  the  forest  marble  of  the 
lower  division. 

The  Stones6eld  slate  consists  of  two  beds  of  yellowish  or  greyish 
oolitic  limestone,  each  about  two  feet  thick,  and  separated  by  a  bed 
of  loose  calcareous  sandstone  about  the  same  thickness.  The  Stones* 
field  date,  on  exposure  to  frost,  divides  into  thin  plates,  whith  are 
used  for  roofing.  The  stone  is  obtained  by  working  horizontal  gal- 
leries in  the  hill,  which  galleries  communicate  with  deep  perpendicu- 
lar shafts.  It  is  to  be  regretted,  that  no*aceount  has  been  yet  pub- 
lished of  the  dififerent  strata  of  stone  sunk  thiiough  by  these  shafts, 
as  we  might  hence  derive^decisive  evidence,  respecting  the  true  geo- 
logical positioB  of  the  Stoneisfield  *slate.   . 

The  fdaul  remains  in  the  Stonesfield  slate  consist  of  the  impress- 
ioos  of  the  ooter  cases  or  elytra  of  winged  insects,  and  the  bones  of 
smaH  animals  of  the  opossum  or  didelphis  genus,  and  alf^p  the  bones 
of  the  megalosaurus  or  gigantic  lizard,  supposed  to  be  analogous  to 
die  Monitor.  From  the  size  of  these  bones,  it  is  estimated  that  the 
animal  to  which  they  belonged  was  forty  feet  in  length  and  twelve 
feet  high.  Legs  and  thigh  bones  of  birds  are  also  found  in  the 
Stonesfield  slate,  with  the  teeth,  palates,  and  vertebre  of  fishes,  and 
twd  or  three  varieties  of  crabs  and  lobsters.  Several  varieties  of 
marine  shells  and  of  plants  occur  in  the  same  beds.  The  most  re<« 
roarkable  circumstance  attending  these  fossil  remains,  is,  that  they 
should  oecur  m  strata  which  are  generally  believed  to  have  been  de- 
posited before  the  creauon  of  terrestrial  manunelia.  If,  however, 
there  were  islands,  inhabited  by  the  higher  class  of  animals,  when 
the  oolite  beds  were  forming,  their  bones  may  have  been  carried 
down  by  rivers  into  the  sea,  and  deposited  with  those  of  marine  ani- 
mals. But  though  this  hypothesis  might  satisfactorily  explain  the 
occurrence  of  these  remains  ill  the  Stpnesfield  slate,  it  would  still  be 
not  less  extraotdinaiy,  that  similar  remains  should  have  been  no 
where  found  in  any  of  the  upp^r  secondary  strata  in  England,  nor  in 
other  countries  i  and  that  they  are  never  met  with,  except  in  strata 
considerably  above  the  chalk  formation.  The  occurrence  of  wood, 
and  beds  of  lignitei  (or  wood  coal,)  in  oolite,  confirms  the  opinion 
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tbiAt  dry  hind  existed  somewhere  m  the  ViciDity,  fit  the  period  wbea 
tbci  oolitic  beds  were  formed  or  deposited ;  but  no  indication  that  the 
land  was  inhabited  by  terfestrial  tjuadrupeds  of  the  ciflss  mammalia, 
bas  been  hitherto  discovered,  except  in  the  slate  of  Stonesfield.  la 
Sussex,  the  strata  above  the  oolite  contain  the  boned  of  the  megalo- 
siAirus  and  crocodile,  and  those  of  turtles,  birds,  and  fish,  similar  to 
the  fossils  of  Stonesfield ;  but  the  boires  of  mammiferoas  quadru- 
peds are  wanting,  and  many  of  the  shells  are  fluviatile.  Where  vm 
the  island  on  which  the  animals^  that  have  left  iheir  bonet  in  th 
etrata  of  Stonesfield^  Uved  and  jlourished9  This  question  will  be 
consideted  in  the  brief  chapter  L  propose  to  give  of  the  Geology  of 
England. 

^  The  oolite  foi*mation,  in  one  waring  range  of  hills,  broken  only  bj 
the  val^  of  the  Humber,  extends  from  the  sea  coast  of  Dorsetshire 
near  Bridport,  to  the  northern  extremity  of  the  Cleveland  Hilb  in 
Yorkshire.  The  outcrop  of  the  oolite  beds  forms  the.  south-westero 
escarpments  of^his  rarrge ;  and  it  is  truly  remarkable,  that  not  a  ves- 
tige of  this  formation  is  found  beyond  this  range,  in  any  of  the  mid* 
tend  and  tiorth- western  counties  of  England.  But,  some  traces  of 
the  oolite  series  have  been  discovered  by  Professor  Sedgwick,  on 
the  north-eastern  coast  of 'Scotland,  and  in  the  Isles  of  Sky  aad 
Mull  in  the  western  Hebrides. 

^  It  may  be  useful  to  pr^setit  the  reader  with  the  order  of  success- 
ion and  thickness  of  the  beds' of  oolite  and  lias,  as  they  occur  in  two 
distant  parts  of  England,  the  Bath  district^  Somersetshire,  by  Mr. 
Lonsdale,  and  ihe  Eastern  Moorlands  of  Yorkshire,  by  Mr.  J.fbil* 
lips.     They  are  given  in  a  descending  series.  ' 


Bath  District  Feet. 

Kimmeridge  clay,        -           <-  150 

Jdpper  calcareous  gritj         ,  -  10 

Coral  ragg,        )        -           -  40 

Clay,                  I         .           .  40 

Calcareous  grit, )         -           -  50 

Oxford  clay,     -  .        .           -  300 

Kelloway  rock,            -   '        -  '      5 

Cornbrasb,       -           -           -  16 

Forest  marbler-^- 

Clay,     •       .       .              .  15 

SaDd  and  grit,      «    '          -  40 

Clay,     -        -        -      .        -  16 

Coarse  oolite,        -              -  -     25 

Sandy  clay  and  grit,            -  10 

Bradford  clay,       -    J         -  50 

Great  oolite,     -        -       -        -  140 

Fuller's  earth,      .    -      -       -  150 

Inferior  oolite  with  sand  and  grit,    130 

Marlstone,      -       -       -       -  lO 

Upper  lias  marl,      ...  aoO 

Blue  lias,         ....  50 

White  lias,      -        -       .        -  10 

Lower  lias  marl,  resting  on  red  )     oa 

marl  and  sandstone,  ) 


Eastem  Moorlands. 
Calcareous  grit, 
Coralline  oolite, 
Calcareous  grit. 
Oxford  clay,  ^ 
Kelloway  rock, 
Combrash, 


-     eo 

.•      •    -       80 

:     150 

..      40 
.    .      -        5 
Upper  sandstone,  sh^e,  and  coil,  ^ 
Impure  limestone,        -  -     JJ 

'Lower  sandstone,  sha]^,  and  coal,  sOO 
Ferruginous  beds  and  lower  ooUtc,  60 
Upper  lias,       -  -  '      tS 

Marlstone,*      -  .       -  -      150 

Lower  lias  resting  on  red  marl  |  t^ 
and  sandstone,  ) 
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In  the  above  sections  it  will  he  seen,  that  though  there  is  a  great 
general  resemblance  between  the  principal  members  in  each  series, 
there  is  a  considerable  difference  in  the  number  and  succession  of 
the  minor  beds;  there  is  also  some  diversity  in  the  fossils  in  each 
series.     By  a  comparison  of  both  sections,  it  .will  appear,  that  the 
attenopt  to  establish  an  Identity  of  beds,  or  even  of  what  are  called 
equivalents  in  the  minor  strata  of  a  great  formation  in  different  di^ 
tiicts,  18  a  useless  labour,  and  serves  only  to  perplex  the  student, 
without  leading  to  any  useful  conclusions.    Nor  do  I  think  the  long 
lists  of  marine  shells,  in  a  formation  decidedly  marine,  can  be  of  any 
^reai  use,  unless  such  shells  discover  some  new  forms  of  orglinic  life 
disUDCt  from  what  has  been  before  observed,  or  enable  us  to  infer 
aome  change  in  the  condition  of  the  globe,  when  the  inhabitants  of 
such  sbelb  first  appeared.    The  secti&n  of  Mr.  J.  Phillips,  being  a 
coast  sectioti,  has  the  disadvantage  of  pot  being  made  in  the  true  line 
of  dip,  and  that  of  Mr.  Lonsdale  was  unavoidably  taken  in  different 
situations  where  the  upper  and  under  strata  were  not  always  display- 
ed; hence  4uch  Sections  can -be  regarded  as  only  valuable  approxt* 
nations  to  truth  i^  each  district*    In  Yorkshire,  the  Kimmeridge 
clay  is  wiu^ting,  and  the  oolites  are  covered  by  Ihe  chalk  formatiotii 
in  the  lower  part  of  which,  called  the  Speeton  clay,  some  fossils  of 
the  Kimmeridge  clay  were  discovered. 

The  imperfect  coal  formations  in  the  Yorkshire  oolites,  contain 
impressions  and  refnains  of  fossil  plants  of  the  same  families  as  those 
in  the  regular  coal  formation,  but  wjiich  are  stated  by  M.  Adolphe 
Brongniart  to  belong  to  different  species. 

The  attempt  has  been  frequently  made,  to  identify  the  secondary 
Mrata  of.  Germany  with  those  of  England.  The  following  abridged 
view  of  the  secondary  strata  in  the  north-east  part  of  Bavaria,  in 
Bohemia,  and  in  Westphalia,  by  R.  J.  Murchison,  Esq.  taken  partly 
from  his  own  observations,  and  partly  from  what  he  believes  to  be 
the  best  authorities,  appears  to  be  the  most  satisC^ctory  and  intelligi- 
ble approximation  to  the  English  series  of  secondary  formations  that 
has  yet  been  made :  it  confirms  the  previous  statement  given  by  Pro- 
fessor Sedgwick  and  Mr«  Murchison.  The  order  of  succession  in  a 
descending  series  is  here  given. 

Chalk.  C    In  Hanover,  clearly  separated  from  green-sand. 

Q  .  I     Divisible  into  npper  calcareous  and  Ic^ef  siliceous 

I  sun^istone.  ' 
Portland  oolite  Oolite  and  coral  ragg,  not  yet  discovered  in  central 

GerpQany.  ' 

*    Between  Kehlheim  on  the  S.  E^  and  Pappenbeim  on 

r,  ,    .^a- i^*«  the  N.  W. :  the  quarry  at  Solenhoffen  is  worked  for  litho- 

SolenhoflCTSlftte,  I  graphic  stone.    The  fossil  contents  are  pterodactyli,  in- 

flt^IfSfii??!-*-  I  sects,  crusiaceous  animals,  and  lellenitcs,  with  certain 

stonesneid  slate.  p]an\8:  these  fossils  are  similar  to  those  found  in  Stoncs- 

^neld  slate,  and  occur  in  a  similar  geological  position. 
jjrz^ji       !•.  \     The  beds  of  this  formation  differ  much  in  their  miner- 

?*rri.iu  \  al  characters  in  different  parts  of  Germany,  but  contaia 

Jura  Kalk.  ^  ^^^y  ^^  ^^  ^^^  ^  ^^  English  middle  oolitea . 
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iThe  inferior  oolite  of  Wartemberg,  B^viria,  Hanover) 
and  Westphalia,  analogous  to  that  found  on  the  Yorkshire 
coast ;  it  rests  upon  lias. 
Lias  marl  and  gryphite  limestone  occur  in  the  eonotriet 
named  in  the  precedme  section. 
'-  A  formation  of  purple,  red,  and  green  sandstone,  and 
marl  of  enormous  thickness,  reposing  on  mnscbel-kalk, 
and  surmounted  by  lias.  Mr.  Murchison  believes  ibit 
the  KeQper  is  the  true  representative  of  the  Engtisb  red 
and  green  marls. 

More  than  600  feet  in  thickness,  contains  remains  of 
the  ichthyosaurus  and  plesiosaurus,  the  crocodile,  and 
turtle:  the  ^t  mines  of  Wortemberg  are  in  this forma- 
.tion. 

I   •  Analogous  tcv  the  English  lower  red  sandstone,  with 
Lower  red  saAdstpne.  '  majpesian  limestone. 
B^.k-  t^t^u^^^J^A^    I     The  lowest  red  sandstone  of  Professor  Sedgwick,  like 

(  coal  ipeasures. 

'  It  '}$  deserving  notice,  that  many  of  the  beds  ia  the  abo?e  section 
not  only  eonlain  .the  safne  fossils  as  those  in  the  Eki^ish  series,  bot 
8bo  preserve  the  same  mineral  characters.  Where  ibis  is  the  case, 
we  can  arrive  at  satisfactory  conCiusioos  p  and  such  beds  serve  is  a 
key  to  the  discpvery  of  the  true  nature  of  the  beds  above  and  below 
them,  where  the  characters  may  be  less  clearly  defined; 


Mnschel-kalk,  want- 
ing in  England. 

Bun  ter  sandstone. 
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CHAPTER  Xin. 

OH  tHB  SUSSEX  BBDS,  OR  WKILDBN,  OO^fTATNINO  EEMAlKS  Of  LAim 
PLANTSi  JlNJO  AMPHIBIOUS  AND  FEB8H-WATBR  ANIMALS. 

Extent  of  the  Snssex  Beds. — Their  Geolo^cal  Position  and  Mftoeral  Characters. 
^Remarkable  Organic  Remains  of  enormons  Litards  and  Plants,  aualogoos  to 
those  of  Tropical  Climates  found  in  the  Sussex  Beds. — Supposed  Appearanqe 
of  the  CoODtrr  when  these  Animals  flourished.— Petworth  Lim^tone.— ^Hast- 
ing!* Sand  ana  Weald  Clay. — The  Wealden  Beds  formerly  furnished  the  great- 
est Part  of  the  Iron  manufactured  in  England. — Mr.  Mantell's  EoNimeraiion  of 
the  Species  of  Terrestrial  and  Fresh  Water  Fossil  Reinains  in  the  Wealden 
Beds— Observations  on  the  Wealden  Beds,  and  the  Change  fi'om  Marine  to 
Fresh  Water  Formations. 

Iff  an  elementary  treatise  on  Greology,  it  is  desirable  to  present  to 
the  view  of  the  reader,  not  the  geology  of  a  single  country,  but  thit 
of  the  whole  globe,  as  far  as  it  has  ^een,  ascertained.  In  oertain 
countries,  particular  formations  occupy  a  considerable  extent,  aod  are 
of  great  thidness ;  in  other  countnes,  similar  formations  are  often 
wanMng  altogether,  or  the  beds  are  so  thin  as  scarcely  to  e^Lcite  no- 
tice. The  secondary  strata  cover  more  than  one  half  of  England,  and 
heace  the  English  geologist  might  be  suspected  of  bestowing  upon 
them  loo  great  a  portion  of  \\\%  attention ;  but  a  more  accurate  exam* 
ioaiioo  of  other  countries  has  fully  ph>ved,  that  many  of  the  British 
strata,  which  were  formerly  believed  to  be  of  very  limited  extent^ 
are  spread  over  a  great  part  of  Eutppe,  aqd  preserve  the  same  order 
of  succession  as  in  our  own  island  : — ^a  description  of  these  strata  is 
therefore  an  essential  pah  of  general  geology.  The  formations  of 
the  magoesian  limestone,  the  red  marie,  the  lias,  the  oolites,  and 
tlie  chalk,  have  risen  into  geological  importance  within  the  last  fifteen 
years;  and  the  reproach  cast  upon  South  Britain  by  our  neighbors 
on  the  other  side  of  the  Tweeo,  namely,  "  that  there,  was  little  or 
nothing  in  England  worth  the.  attention  of  a  geologist,"  has  lost  all 
its  force.  The  beds  of  sand  and  clay,  that  intervene  between  the 
upper  oolites  and  the  chalk,  were,  however,  still  mo^e  recently  're« 
garded  as  unworthy  of  particular  notice,  but  the  labours  of  Mr. 
Mantell  and  of  Dr.  Fitton  have  made  us  acquainted  with  facts  re* 
specting  these  earthy  and  sandy  deposits,  which  are  scarcely  ex? 
ceeded  in  interest,  by  any  discoveries  in  the  lower  strata. 

The  beds  which  are  about  to  be  described  as  -  the  Wealden,  be* 
cause  they  occur  principaHy  in  the  WeaMs  of  Kent  and  Sussex,  are 
supposed  to  test  on  the  upper  bf  ds  of  oolite  in  these  counties :  they 
dip  under  the  chalk  hills  by  which  they  are  every  where  surrounded, 
excepi  on  the  east,  where  they  are  cut  off  by  the  tea.  The  oolite 
bek>w,  and  the  beds  of  chalk  and  green  sand  above,  are  admitted  to 
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be  mariDe  rormaiions,  but  the  beds  of  Umestone,  coogtomereu,  swd* 
stone,  and  clay,  that  compose  the  Sussex  beds,  or  Wealdea,  coniBin, 
almost  exclusively,  tbe  remains  of  fresb-waier  aoimals  and  terrestrial 
plants,  and  that  over  a  Eiurface  expclsed  to  obserratioa  nearly  sixiy 
mites  in  lengtb,  and  from  Gfteen.  to  twenty  miles  in  breadth.  The 
inarino  beds  on  which  the  Wealdea  rest,  must,  at  a  remole  period, 
have  been  raised,  acoiisiderable  height  above  ihe  ocean,  and  beconH 
dry  land,  having  extensive  rivers,  lalies,  or  estuaries  filled  with  frah 
vater,  ianbiclrthe  Wealden  beds  were  deposited.  Again,  it  a  sub- 
sequent period,  the  wbole  must  have  sunk  deep  beneath  tbe  aurficc 
of  the'  sea,  and  bean  covered  by  a  deposition  of  chalk  and  other  ma- 
.rine  strata,  a  thousanil  feet  or  more  in  thickness.  A.t  a  more  recent 
epoch,  ihe'chalki  with  the  subjacent  beds  of  Wealden,  were  raised 
to  their  present  elevation  above  the  neighbouring  sea.  However  tbe 
present  quiescent  state  of  the  earth  tany  seem  opposed  to  the  admis-  ' 
sion  of  such  great  geological  changes,  we  are  irresistibly  compelled 
to  resort  fo  these  changes  for  a  satisfactoiy  soiutioa  of  existing  pbe- 
Domena. 

•    The  relative  po»tioD-of  tbe  Wealden  beds  will  be  understood  rnxn 
the  atuiexed  jnap. 


The  chalk  hills  of  tlie  North  and  South  Downs  will  be  seen  sm* 
rounding  the  Weald  country.  Below  the  chalk  is  the  green  «ndi 
marked  with  waving  lines,  containing,  like  the  chalk,  marine  fossih 
exclusively.  Tbe  fresh-water  formations  of  Weald  clay  and  H»«' 
ings'  sand  and  sandstone,  rise  from  under  (he  lower  greeo  nad. 
The  Weald  clay  and  Hastings'  sand  have  generally  been  represented 
as  distinct  formations,  hut  in  reality  the  whole  of  the  Wealdea  is 
composed  of  beds  of  clay,  limestone,  find  sandstone,  Ibougb  in  lbs 
outer  part,  marked  with  dots,  the  clay  predominates.  The  sand  »i>d 
atmdstone  predominate  in  the  central  parts  marked  by  diagonal  lit*^ 
extending  east  and  west  from  beyond  Honbam  to  Hasdi^.    In  ')>" 
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directioOf  die  stndfllone  forms  a  range  of  hHls  of  coosiderehle  ele?a« 
tioD.  Crowborough  beacon,  iKe  loftiest  part  of  the  range,  attains  the 
height  of  more  than  800  feet. 

It  is  true  that  nowhere  in  Kent  or  Sussex « do  we  obtain  a  section 
of  strata  on  which  the  Wealden  beds  rest;  At  Lulworth  Cove;  in 
Dorsetshire,  where  a  portion  of  these  beds  has  been  traced,  tfaey  ap- 
pear to  bare  covered. the  upper  or  Portland  oolites.  Some  portion 
of  the  same  beds  has  been  observed  in  the  Isle  of  Wight;  but  they 
have  not  been  found  ia  the  midland  counties  of  Englaodj  7he 
ferruginous  character  of  some  of  the  beds  occa^ned  them  to  be, 
for  a  lougttoie,  mistaken  for  the  iron  sand  belonging (othe ^reeo  sand 
formation,  hereafter  to  be  described.  The  name  of  Hastings^or  iron 
sand.  Weald  clay,  and  Petworth  and  Purbec  limestoni^,  have, been 
given  to  different  parts  of  this  accunuilatibn  of  sand,  sandstone,  and 
argillaceous  limestone,  to  which  the  name  of  the  Wealden  or  Sdss^x 
beds  may  be  collectively  applied.  The  chy  palled  the  Weald  day 
may  be  regarded  as  the  principal  member  of  this  formation,  to  which 
the  sandstone,  calcifierous  grit,  and  limestone,  are  subordinate ;  for 
though  the  sand  and  sandstone  form  lofty  difis  on  the  coast,  they  al- 
ternate with  marl  and  day,  and  rest  on  beds  of  day.*  We  shall 
therefore  describe  the  Weald  day  in  conjunction  with  the  beds  of 
limestone  and.  sandstone;  The  day  is  a  bluish  or  brownish  tena- 
cious day,  sometimes  indurated  and  slaty.  Thin  beds  of  limestone, 
separated  by  seams  of  day,  occur  in  different  parts  of  the  Weald 
clay :  they  have  been  known  for  furnishing  a  stone  for  architectural 
purposes,  called  Sussex  marble,  and  Petworth  marble.  Some  of 
the  more  compact  varreties  are  sufficiently  hard  to  receive  a  good 
polish.  These  beds  abound  with  shells  o(  the  Paludina,  and  crusts 
of  the  Cypris  fabaf ,  and  other  fresh-water  shells.  Masses  of  cal- 
ciferous  sandstone,  nearly  resembling  the  well«known  sandstone  of 
Fontainbleau,  occur  in  various  parts  of  the  Wealden,  both  in  what 
may  be  called  the  Weald  clay,  and  the  lower  beds  of  sand  and  sand- 
stone, called  Hastings'  saqd.  The  Hastings'  sandstone  is  composed 
of  yellowish  or  whitish  grains  of  sand,  very  loosely  adhering,  alter- 
natiog  with  beds  of  day,  and  with  a  small  saqdstone  conglomerate, 
containing  roonded  fragments  of  bones,  and  scales  of  6sbes.  Over 
this  bed  there  occurs,  in  some  parts  of  the  Weald  (particularly  at 
Tilgate  Forest),  a  bed.  of  coarse  conglomerate,  consisting  of  quarts 


♦  Bek>w  the  Castle  rock  at  Hastings,  boringfs  were  made  ifi  182^;  they  were 
ehieay  in  claj.  The  elay  from  the  depth  of  190  feet,  which  I  examined,  was  « 
whitish-grey  pipe-clay.  The  boriogti  were  made  to  obtain  water  for  the  Pelbam 
Baths,  which  was  found  at  the  depth  of  260  feet,  of  a  good  quality,  and  rose  nearly 
to  the  surface. 

t  The  Cypris  faba  is  a  cmstaceous  animal  in  a  roundish  shell  or  case,  notinucb 
larger  than  a  grain  of  millet.  The  living  species  are  aquatic  monoculi,  which 
swim  in  fresh  water,  and  deposit  their  eggs  on  the  leaves  of  aquatic  plants,  or  in 
the  mod.    The  pcJudina  is  a  fresh- water  univalve  shell* 
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pebblesy  and  rounded  pieces  of  Lydian  stooe  and  jasper,  aod  coo- 
tainmg  bones  and  teeih  of  fishes  and  saurian  animals.  The  upper 
sands  are  generally  fawn-coloured,  and  contain  lignite,  bituminous 
matter,  and  vegetable  impressions. 

Ironstone  occurs  in  considerable  quantities  in  the  Sussex  beds. 
In  the  sixteenth  century,  before  the  coking  of  coal  for  smelting  of 
iron  ore  was  di$covere<},  two  thirds  of  the  iron  manufactured  in  Eng- 
land was  obtained  from  the  Sussex  beds.*  The  Wealds  of  Kent 
and  Sussex,  being  then  covered  with  forest  trees,  supplied  the  fuel 
for  smelting  the  ore.    j 

To  the  indefatigable  and  scientific  researches  of  Gideon  MaDtell, 
Esq.,  F.R.S.,  we  are  indebted  for  a  knowledge  of  the  true  zoolog- 
ical characters  of  the  Wealden  beds,  which  he  has  described  in  bis 
'^  Illustrations  of  the  Geology  of  Sussex,  with  Figures  of  the  Fos- 
.sils  of  Tilgace  Forest."'  This  work  contains  the  most  interesting 
details  of  local  geology  which  have  appeared  in  this  country.  The 
fossil  remains  of  the  Wealden  bedsconsistof  petrified  trunks  of  large 
plants,  bearing  a^  resemblance  to  the  palms,  arborescent  ferns,  and 
'.the  gigantic  reeds  of  tropical  climates ;  also  >f  the  shells  of  fresh- 
water genera,  as  the  fresh-water  muscle,  the  mya,  cyrena,  paludina, 
and  helix  vivipara.  ,  Some  remains  of  fish,  and  three  distinct  spe- 
cies of  turdes,  have  also  been  discovered ;'  and  the  bones,  teeth,  aol 
scales  of  at  least  five  gigantic  species  bf  the  lizard  family ;  oaroelj, 
the  crocodile,  thq  plesigsaurus,  the  megalosaurus,  the  iguanodoo,  m 
the  hylaeosaurus  or  forest  lizard. 

The  crocodilian  remains  are  pronounced  by  Cuvier,  to  be  aloKMt 
identical  with  those  of  the  fossil  crocodile  discovered  at  Caen  m 
Normandy,  which  belongs  to. the  genus  Gavial,  the  crocodile  of  the 
Ganges. 

The  Plesiosaurtu. — ^This  animal  has  been  noticed.  Chaps*  U* 
and  X. 

The  Megalosaurus. ---^The  bones  of  this  animal,  found  at  Tilgat^ 
are  similar  to  those  discovered  by  Mr.  Buckland,  in.tbe  Stonesfiela 
Strata.  .  The  megalosaurus  is  supposed  to  apprctach  nearer  to  toe 
form  of  the  Monitorf  than  to  any  other  species  of  living  lizard ;  but 
its  size  is  so  enormous,  that  Cuvier  says,  if  we  suppose  it  to  have 
possessed  the  proportions  of  ,the  jaonitor,  it  must  have  exceeded  sev- 
enty  feet  in  length. 

The  Iguanoaan. — A  nondescript  herbivorous  reptile,  which  Cu- 
vier pronounces  to  be  the  most  extraordinary  animal  yet  discovered. 
Its  structure  approaches  the  nearest  to  th^t  of  the  Iguana,  a  large 
species  of  lizard  in  the  West  Indies  :  its  length  was  between  six? 

•  For  a  knowledge  of  ibis  fact,  I  am  inGTebtod  to  a  gentleman  wbo  has  in  ^^ 
possession  an  ancient  work  on  the  iron  tiude  ol  England,  previous  to  the  use  oi 
coke.        *  ,  > 

t  The  Monitor ,~a  species  of  lizard,  which  is  said  to  give  warning  of  the  ap- 
proach of  the  crocodile  by  a  hissing  noise. 
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ind  seventy  feet,  which  is  double  that  of  tbe  largest  living  crocodtte. 
Bat  the  great  peculiarity  of  the  iguanodon  is  tbe  form  of  its  teeth, 
irhich  bear  a  striking  resemblance  to  the  grinders  of  herbivorous 
mammalia,  being  evidently  intended  for  mastication,  in  which  respect 
it  di&ers  from  all  lividg  animals  of  ihe  lizard  family.  The  herbivor 
rous  amphibia  gnaw  off  the  vegetable  productions  on  which  they 
feed,  but  do  not  chew  them. — "  Since  the  vegetable  remaine,"  says 
Mr.  Mantetl,  "  with  which  the  teeth  of  the  iguanodon  are  associated, 
consist  principally  of  thuse  tribes  of  plants  that  are  furnished  with 
rough  thick  stems,  and  which  were  probably  the  principal  food  of 
the  original  animal,  we  may  be  permitted  to  remark,  that  tbb  pecu- 
liar stroctuie  of  the  teeth  seems  to  have  been  required,  to  enable, 
the  animaj  to  accommodate  itself  (o  the  condition  in  which  it  was 
placed."^ Tbe  iguanodon  appears  alsd  to  have  possessed  a.  bom, 
equal  in  size  to  that  of  the  rhinoceros,  and  not '  very  different  from 
if,  in  Ibrni :  in  this  respect,  it  resemUes  a  living  species  of  iguana, 
a  native  of  St.  Domingo.  , 


a,  b.c  represent  the  teeth  of  tbe  iguanodon  of  the  Mttiral  nxs ; 
a  is  tbe  front  view  of  the  perfect  tooth  of  a  young  animal ;  A  is  tbe 
front  view  of  a  full  grown  tooib,  with  tbe  poinis  worn  down ;  e,  Uie 
back  view  of  the  tooth  ;  i^,  represents  a  highly  magnified  looih  of  the 
living  Iguana.  The  reader  may  be  surprised  at  thesmallness  of  the 
teeth  of  the  iguanodon  ;  but  ilie  same  proportion  takes  place  in  the 
leeth  of  all  reptiles.  A  hving  iguana,  five  feet  in  length,  has  teeib 
not  larger  than  those  of  a  mouse,    e,  is  a  reduced  drawing  of  the  bora. 

One  of  the  thigh  bones  of  the  iguanodon,  in  Mr.  Mantell's  muse- 
Dm,  is  twenty  three  inches  in  circumference.  The  condyle,  or  jdnt 
of  iDOtber  boDe  which  I  measured,  was  thirty  four  incherin  circun)<- 
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Terence ;  enormous  claws-  and  toe  bones  have  also  been  discofered. 
Mr.  Mantell,  in  his  interesting  work,  the  ^^  Fossils  of  Tilgate  Forest,'* 
justly  observes,  "  Were  this  thigh  ^one  clothed  with  muscles  and  in* 
teguments  of  suitable  proportions,  where  js  the  living  animal*  that 
could  rival  this  extremity  of  a  lizard  of  the  primitive  ages  o(  the 
world  ?"    .  .  .    ' 

JVfr.  Mentell  ^Soncludes  his  "  Illustrations  of  the  Geology  of  Sus- 
sex'' with  tixe  following  interesting  observations : — 
.  "  Wa  cannot  leave  this  subject  without  ofi^ring  a  few  general  le- 
marka  on  the  probable  condition  of  the  country,  through  which  the 
waters  flowed  that  deposited  the  strata  df  Tilgate  Forest,  and  on  the 
nature  of  its  animal  and  vegetable  productions.     Whether  it  were  an 
island  or  a  continent,  may  not  be  detennined  ;  but  that  it  was  diver- 
sified by  hill  and  valley,  and  enjoyed ,  a  climate  of  a  higher  tempera- 
ture than,  any  part  of  qapdern  Europe,  is  more  than  probable.    Sev- 
eral kinds  of  fems  appear  to  have  constituted  the  immediate  veget* 
able  clothing  of  the  soil :    the  elegant   Hymenopteris  psiloUmif 
which  probably  never  attained  a  greater  height  than  three  or  four 
feet,  and  the  beautiful  Pecoplerts'  reticulata,  of  still  leiser  growth, 
being  abundant  every  wherCi     It  is  e^sy  to  conceive  what  would  be 
thQ  appearance  of  the  valleys  and!  plains  covered  with  these  plants, 
from  that  presented  by  modern  tracts,  where  the  common  fenis  so 
generally  prevail.     But  the  loftier  vegetables  were  so  entirely  dis- 
tinct from  any  that  are  now  known  to  exist  in  European  countries, 
that  we  seek  in  vain  for  any  thing  at  all  analogous  without  the  trop- 
ics.    The  forests  of  Clathrdria  and  Undogenitay  (the  plants  of 
which,  like  some  of  the  receipt  arborescent  ferns,*  probably  attained 
a  height  of  thirty  or  forty  feet,)  must  have  borne  a  much  greater  re- 
semblance to  those  of  tropical  regions,  than  to  any  that  now  occur  in 
temperate  climates.     That  the  soil  was  of  a  sandy  nature  on  the 
hills,  and  less  elevated  parts  of  the  country,  and  argillaceous  in  the 
plains  and  marshes,  may  be  inferred  frorh  the  vegetable  remains, 
and  from  the  nature  of  the  substances  in  which  they  are  enclosed. 
Sand  and  clay  every  where  prevail  in  the  Hastings'  strata ;  nor  is  it 
unworthy  of  remark,  that  the  recent  vegetables  to  which  the  fossil 
plants  bear  the  greatest  analogy,  affect  soils  of  this  description.    If 
we  attempt  to  portray  the  animals  of  this  ancient  country,  our  des- 
cription will  possess  more  of  the  character  of  a  romance  than  of  > 
legitimate  deduction  from  established   facts.      Turtles,  of  various 
kinds,  must  hare  been  seen  on  the  banks  of  its  rivera  or  lakes,  and 
groups  of  enormous  crocodiles  basking  in  the  fens  and  shallows." 

*'  The  gigantic  Megalosaurtts,  and  yet  more  gigantic  Iguanodoti 
to  whom  the  groves  of  palms  and  arborescent  ferns  would  be  merfl 
beds  of  reeds,  must  have  been  of  such  prodigious  magnitude,  thai 
the  existing  animal  creation  presents  us  with  no  fit  objects  of  comp^' 
rison.  Imagine  an  animal  of  the  lizard  tribe,  three  or  four  tioDesai 
large  as  the  largest  crocodile,  having  jaws,  with  teeth  equal  in  six( 
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to  the  iociflor8.or  the  rhinoceros,  and  crested  with  boras  ^— -such  a 
creature  mtist  have  been  the  iguanodon !  .Nor  were  the  inhabitants 
of  the  waters  oiucb  less  wonderful ;  witness  the  plesiosaurus*  which 
only  requiring  wings  to  be  a  flying  dragon ;  the  fishes  resenobliqg  Si* 
itiri,  Balisia,  be.**    Another  large  fossil  reptile,  scarcely  less  re- 
markable than  the  iguanodon,  was  discovered  by  Mr.  Mantell,  in  the 
strata  of  Tilgate  Forest,  in^  1832.    This  animal  was  less  than  the 
iguaoodoo.     Mr.  Mantell,  from  bis  profound  knowledge  of  coropa* 
rative  anatomy,  has  been  able  to  ascertain,  that  it  diners  in  structure 
from  every  known  species  of  Kvingor  fossil  lizard  or  crocodile, 
though  it  agrees  with  some  of  them  in  many  iiApoHam  parts  of  iu 
osteology.    It  appears  to  have  had  a  row  of  scaly  fringes  on  its  back 
some  of  which  are  seventeen  inches  in  length :  when  ecected,  ibey 
must  have  given  the  animal  a  truly  terrific  appearance.    To  this 
new  animal  Mr.  Mantell  jproposes  to  give  the  name  of  Hylfl^osaurus^ 
or  Forest  lizard. 

In  the  preceding  chapter  it  was  stated,  that  the  Portland  oolite 
composed  the  upper  beds  of  the  oolite  formation.-  The  annexed  ta- 
ble will  show  their  position  With  respect  to.the  Wealden  beds,  and  the 
chalk  formation,  in  a  descending  series : 

1.  Upper  cbalk,  with  flihts.    . 

Lower  chalk  and  chalk  marl.        '    ', 
2'.  Upper  green  sand. 

Blue  clay,  called  gait. 

Ferruginous  or  iron  sand. 

Lower  green  sand. 
3.  Weald  clay  and  sandstone. 

Sand,  gritstone^  and  conglomerate. 

Argillaceous  limestone  and  slaty  marl,  comprising  Purbeck  and 
Petworth  limestone. 

The  whole  supposed  to  be  resting  upon  the  upper  or  Portland  oolite. 
(See  the  preceding  Chapter.) 

The  Purbeck  limestone  does  not  occur  in  the  Weald  country, 
though  evidently  a  kiwer  men)ber  of  that  formation. 

According  to  the  tabular  arrangement  of  the  fossils  in  the  different 
beds  in  Sussex,  given  by  Mr.  Mantell,  the  chalk,  chalk-marl,  green 
sand,  gait,  and  lower,  green  sand,  contain  remains  of  two  hundred 
and  ninety^four  species  of  itarine  animals,  and' thirteen  species  of 
plants,  chiefly  marine. 

The  Wealden  beds  contain  remains  of  fifty-two  species,  which, 
widi  few  exceptions,  are.  either  of  terrestrial  or  freshwater  animals, 
and  nine  species  of  terrestrial  plants. 

Of  the  imroerous  species  of  chambered  marine  shells,  such  as 
nautilites,  ammonites,  and  belemnites,  that  abound  in  the  secondary 
strata,  below  the  Wealden,  and  in  the  chalk  formation  above  it,  not 
an  individual  shell  has  been  hitherto  found  in  any  -part  of  the  Weald 
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fermation ;  a  fact  decisive  of  the  di£ferent  cbaracter  of  the  latter 
beds.  With  respect  to  the  bones  of  the  Piesiosaurus  and  the  Mega- 
losaurus,  fouod  in  the  Weakien  beds,  and  also  in  the  strata  bebw  the 
Wealden,  we  know  aot  whether  the  nature  of  thisse  animals  might  oot 
fit  them  for  living  both  in  salt  and  fresh  water ;  it  is  also  probable, 
that  the  few  scattered  vertebre  found  in  the  Weaiden,  majrhavebeeo 
transported  by  co'rrents  or -inundations  from  more  ancient  rocks.  In 
the  same  manner,  the  occurrence  of  a  few  individual  marine  sheBs, 
in  a  series  of-' freshwater  beds,  may.bb  satisfactorily  explained. 

It  may  be  proper  to  "call  thp  attention  of  the  reader  to  what  has 
been  before  stated,  respecting  the  submersion  of  the  coal  strata,  and 
their  being  covered  with  marine  formation^  and  again  elevated ;  see 
Chapter  VIII.  The  circumstances  that  attended  the  elevation  ao^ 
depression  of  the  coal  sti;ata,  -appear  to  have  been  similar  to  what 
took  ptece  at  a  subsequent  period  in  the  Sussex  beds  or  Weaiden : 
other  instances  of  similar  submergence  might  be  given,  were  it  ne- 
cessary. 

While  this  part  of  the  work  was  passing  through  the  press,  ibe 
iHithor  received  a  copy  of  a  Geological  Sketch  of  the  Vicioitjof 
Hastings,  by  William  Henry  Fitton,  M.I).  F.R.S.  &c.  It  gives  a 
brief,  but  very  cl^ar  description  of  the  Weaiden  formation,  the  ex- 
tent of  which  Dr.  Fitton  has  taken  great  pains  to  discover.  Accor- 
ding to  this  statement,  the  Weaiden  gradually  becdm,es  thinner  near 
its  limits  in  Dorsetshire^  and  the  interior  of  England.  It  disappears 
westward,  somewhere  about  Durdle  Cove^  on  the  Dorsetshire  toast 
The  existence  of  the  Purbeck  beds  in  the  vale  of  Wardour  has  loog 
been  known ;  in  that  place  Dr.  F.  has  detected  also  some  traces  of 
sands,  corresponding  to  tliose  of  Hastings.  "  Slaty  limestone,  like  that 
.  which  occurs  in  the  upper  part  of  the  Isle  of  Portland,  is  found  abore 
the  equivalent  of  thte  Portland  stone  at  Brill  and  Whitchurch,  west 
of  Aylesbury,  in  Buckinghamshire,  and  on  the  coast  of  the  Bouloo- 
nois,  m  France.  Bat  besides  these  places,  Beauvais,  in  the  ioterior 
of  France,  is  the  only  other  locality  in  which  any  members  of  the 
Weaiden  have  yet  been  shown,  on  good  evidence  to  exist." 

The  position  of  the  extreme  points  of  this  formation  from  west  to 
east,  or  from  Lulworth  Cove  to  the  boundary  of  the  lower  BouIod- 
nois,  is  about  200  English  miles  N.  W  to  S.  £.,  or  from  Whitcborch 
to  Beauvais,  about  220  miles :  the  depth  or  total  thickness,  where 
greatest,  being  about  2000  feet.*  Dr.  Fitton  remarks,  that  this  is  a 
wide  difiusion  of  the  strata,  if  they  were  the  product  of  an  estuary, 
but  by  no  means  greater  that  that  of  many  of  the  actual  deposits,  io 
some  of  the  larger  rivers  on  the  present  surface  of  the  gfobe.  Dr. 
Fitton  cites  the  Deltas  of  the  Ganges,  the  Mississippi,  and  the  Quor- 
ra  or  Niger  in  Africa,  as  presenting  an  extent  of  surfacei  nearly  equal 


*  In  the  section  it  is  stated  at  1000  feet. 
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to  that  of  tbe  Wealden  formatioD.  I  thiok  it  evident,  however,  that 
certain  parts  of  the  Wealden  were  once  dry  land,  or  shallow  water. 
The  Cypris  faba  in  the  clay  beds,  probably  lived  and  died  where  its 
crustaceons  remains  are  so  aibCindant,  and  many  of  the  plants  must 
have  flourished  on  dry  land.  Indeed,  we  do  not  remove  the  nec'es^ 
sity  ofr  admitting  a  submergence,  by  supposing  the  Weolden  to  have 
been  deposited  in  a  deep  estuary ;  for  ^>  form  a  large  river,  and  such 
an  estuary,  61led  with  fr^sh' water,  extensive  thountain  ranges  of  great 
eievatioo  m>uld  be  required,  and'  these  must  have  been  submerged 
or  removed,  before  the  deposition  of  the  chalk  formation,  which  it 
canoot  be  doubted  took  place  in  a  deep  ocean,  ^ as  that' formation  is 
more  than  one  thousand  feet  in  thickness. 
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CHAPTER  XIV. 

>  ON  CQALK,   AND  THS   SUBJACENT  BKDS  OF   OBECN  SAND. 

Extent  of  the  Chalk  FormatioD.— Green  ^and  divided  into  lower  and  upper  Green 
Sand  by  a  Bed  of  Clay  called  Gait.— Chalk  Marl.— Chalk,  its  Mineral  Chartc- 
4ers.'-<;ban^e  of  Character  in  the  Alps. — ^Flints  in  the  apper  Chalk-^-Oa  the 
formation  dt  FUnts.— Remarkable  Organic  Remains  in  Cbalk.-^Recent  Discov- 
ery of  Beds  belonging  to  the  Chalk  Formation,  in  the  United  States  of  America. 

'  — On  the  Scaglia  of  ih6  Alps  supposed  to  represent  Chalk. 

The  well-known  mineral,  chalk,  with  its  subjacent  beds  of  gredD 
sand,  comprises  a  forfnation  br  series  of  strata  gf  great  depth,  wliich 
are  spread  over  a  large  portion  of  the  south-eastern  and  eastern  c6ud- 
ties  of  England,  and  are  found  covering  a  large  eSctent  of  surface  in 
the  northern  parts  of  France,  preserving  nearly  the  same  characters 
as  the  English  chalk.  Similar  beds  are  found  in  Germany  and  in  the 
north  of  Europe ;  but  on  approaching  the  mountain  ranges  of  the 
northern  chain  of  Alps,  the  mineral  characters  of  chalk  undergo  a 
considerable  change.  Scarcely  a  trace  of  chalk  is  found  in  any  part 
of  Scotland ;  but  it  occurs  onthe  north  coast  of  Ireland. 

The  animal  remains  in  chalk  and '  its  subjacent  green  sand,  are 
exclusively  marine,  proving  that  this  great  calcareous  and  arenac^s 
deposition,  a  thousand  feet  or  more  in  thickness,  was  formed  under 
the  ocean. 

Chalk  is  regarded  as  the  last,  or  uppermost,  of  the  secondary  stra- 
ta ;  and  there  is  a  marked  didference  between  the  organic  remaim 
in  chalk,  and  those  in  the  tertiary  strata  that  in  many  situations  cover 
it.  The  geological  position  of  chalk  is  over  the  oolite  formation;  but 
we  have  seen,  in  the  last  chapter,  that  in  the  countieis  of  Sussex  and 
Kent,  chalk  and  greep  sand  rest  immediately  upon  the  freshwater 
bedsx)f  the.  Wealden ;  apd  in  the  western  counties  of  England,  where 
the  oolite  is  wanting,  chalk  covers  lias  and  red  marl.  The  thick  beds 
of  green  sand  under  chalk  are  regarded  as  constituting,  with  the 
chalk,  one  marine  formation,  as  they  contain  many  of  the  same  ge- 
nera of  fossil  remains,  both  in  England  anjd  on  the  continent  of  Eu- 
rope ;  and  the  lower  beds  of  chalk  or  chalk  marl,  pass  gradually  into 
the  green  sand,  by  a  close  intermixture  with  it,  and  have,  on  account 
of  their  greenish  or  yellowish  colour,  been  denominated  Olaueonii 
erajgetue  and  Craie  adoriiiej  by  the  French. 

Green  sand  has  received  its  English  name  from  its  intermixture 
with  particles  of  green  earth ;  it  is  very  variable  in  its  mineral  char- 
acters, being  sometimes  found  composed  of  loose  siliceous  sand ;  in 
other  situations,  it  forms  sandstone,  cemented  by  calcareous  earth; 
it  abounds  in  siliceous  concretions,  which  vary  from  an  opaque  bluish 
while  chert  or  bornstdoe,  to  flint  and  chalcedony »     The  geodes 
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feand  in  the  green  sand  near  Sidmoutb,  are  composed  of^^^C  ^ '  B 
chert  CD  the  oatside,  and  contain  within,  mammillated  conpeq^m  o£r   n  k 
beautiful  chalcedony,  and  occasionally  perfect  minute  c^^f 4f¥^¥r  'u  T-?.  ^^ 
Some  of  the  sandy  concretions  near  Sidmouth  have  a  beaUtMiKtien  ^*^'^ 
coloar,  which  I  found  to  proceed  from  green  sulphate  of  im^  «.  ♦^^' •■'"•V^ 

The  total  thickness  of  the  gre^n  sand  where  it  is  fully  deViriogg^i'  v)*:'''^ 
is  more  than  400  feet.  The'  lower  sand  is  generally  ferruginous, 
and  has  1;^en  called  iron  sand,  from  the  large  quantity  of  oxide  of 
iron  disseminated  through  it ;  but  the  lowest  beds  often  contain  green 
particles  like  those  in  the  upper  green  sand.  The  upper  and  lower 
green  sand  are,  in  many  situations,  separated  by  a  *'  bed  of  stiff 
marl,  yarying  from  a  light  grey  to  a  ddrk  blue."  According  to  Mr. 
Mantel),  its  greatest  thickness  in  the  south  of  Sussex  is  about  250  feet. 
This  bed  has  been  called  the  Folkstone  Marl,  but  is  more  generally 
known  by  the  provincial  name  of  Gfalt.  The  marine  shells,  in  which 
it  abounds,  are  generally  distinguished  by  their  brilliant  pearly  lustre ; 
tbey  consist  of  ammonites,  tiantilites,  a  small  species' of  belemnite, 
and  various  other  shells. 

The  upper  green  sand  is  remarkable  for  the  chalcedonic  appear- 
ance of  the  j9int  or  chert  which  it  contains.  This  sand  has  been 
sometimes  called  fire  stone,  to  distinguish  it  from  the  lower  green 
sand.  The  green  particles  are  compo$ed  chiefly  of  the  protoxide 
of  iron  and  silex,  denominated  by  M.  Bertbier  a  silicate  of  iron.  In 
aome  parts  of  the  Savoy  Alps,  the  beds  analogous  to  green  sand  are 
of  enormous  thickness,  and  are  nearly  black,  but  contain  many  of  the . 
same  fossils  as  the  English  green  sand.  From  these  beds  I  obtained 
bamites,  scaphites,  and  various  species  of  small  echinites.  The 
upper  green  sand,  as  before  observed,  becomes  intermixed  with  an 
argillaceous  and  calcareous  bed  called  chalk  mari,  which  may  be  re-* 
garded  as  the  lowest  bed  of  the  under  chalk.  It  is  of  a  darker  colour 
than  common  bhalk,  but  bums  into  useful  grey  lime. 

Chdk. — In  England  and  the  northern  parts  of  Europe,  this  rock 
is  better  known  by  its  mineral  characters  th^n  any  other  of  the 
secondary  strata.  Its  prevailing  colour  is  nearly  white ;  it  has  an 
earthy  texture,  and  is  generally  so  soft  as  to  yield  to  the  nail.  These 
are,  however,  not  the  universal  characters  of  chalk.  The  lower 
beds  in  Yorlahire  are  red,  and  the  scaglia  of  the  northern  Alps, 
which  is  a  mode  of  chalk,  has  also  a  red  colour ;  in  some  parts  of 
the  Alps  this  rock  is  highly  indurated,  and  resembles  more,  white 
statuary  marble  than  English  chalk.  The  greatest  thickness  of  the 
chalk  strata  in  England  may  be  estimated  at  from  600  to  800  feet. 
The  upper  beds  contain  numerous  nodules  and  short  irregular  veins 
of  flint ;  the  lower  chalk  contains  fewer  flints ;  it  is,  generally,  hard- 
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•  Od  the  east  of  Sidmonth.  immediately  above  .the  town,  I  observed  green  Mnd, 
intermixed  with  black  particles  which  I  ascertained  to  be  the  black  oxide  of  man* 
ganese,  as  they  gave  a  violet  colour  to  glass  when  fused. 
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er  tfaAD  the  upper  chalk,  and  is  sometimes  used  for  building  stone. 
In  France,  the  beds  of  chalk  seldom  attain  the  thickness  which  they 
have  in  England.  The  French  divide  the  chalk  formation  into  the 
lowest  or  chalk  marl,'  witli  green  particles,  crate  cAIortiee,  orglauoo* 
fite  crayeuse  ;  the  middle  or  coarse  chalk  is  of  a  greyish  cok)ur,  and 
intermixed  with  sand  ;  it  contains  tvliitish  chert  (crate  gromerey  or 
crate  tufean) :  the  upper  or  white  chiilk  (crate  WancAe),  which  coo- 
tains  nodules  of  common  flints 

M.  Humboldt,  after  npticmg  the  great  intermixture  of  the  sandy 
calcareous  and  argillaceous  beds,  in  the  formations  below  chalk,  and 
which  is  greatly  increased  in  the  tertiary  strata  above  chalk,  observesi 
"  that  nature  seems  to  have  relented  in  her  tendency  to  form  com- 
plex mixtures,  when  'Cfaalk  was  deposited."  In  the  chalk  formation, 
we  find  a  vast  assemblage  of  calcareous  strata,  composed  of  carbo- 
nate of  lime,  with  very  little  intern)ixture  of  the  other  earthsi  and  with- 
out any  alternation  with  argillaceous  or  siliceous  strata.  Cbalk  is 
not,  however,  absolutely  pure ;  for,  beside-  the  nodules  and  vems  of 
flint  that  occur  in  it,  but  which  bear  no  sensible  proportion  to  the 
whole  mass,  some  of  the  ^trata  contain  an  intermixture  with  siliceous 
sand,  and  in  other  strata,  calcareous  eartli  is  combined  with  magne- 
sia. In  some  of  (he  chalk  strata  in  France,  the  magnesia  exceeds 
ten  per  cent.,  and,  I  believe,  many  of  the  English  chalk  strata  con- 
tain as  great  a  proportion  of  magnesi^n  earth. 

Chalk  which  contains  a  notable  portion  of  magnesia,  may  ge^e^ 
ally  be  known  by  an  appearance  of  dendritical  spotted  delineations 
on  the  surface  of  the  natural  partings,  and  by  minute  black  spots, 
like  grains  of  gunpowder,  in  the  substance  of  the  chalL 

Ip  chalk,  the  stratification  is  seldom  so  distinct  as  it  is  in  many 
other  calcareous  formations :  this  may  be  owing  partly  to  the  softness 
of  th^  beds,  which  appear  to  have  yielded  to  pressure ;  and  to  the 
same  cause  we  may*  probably  ascribe  the  fractured  state  of  the  no- 
dules of  flint  in  chalk,  which  often  appear  whole,  when  the^  are  im- 
bedded in  the  rock,  but  when  taken  out,  are  found  to  be  shivered 
into  innumerable  angular  fragments.  The  nodules  of  flint  in  the 
chalk  are  commonly  arranged,  in  pretty  regular  layers ;  they  occur 
in  detached  concretions  of  variogs  shapes  and  sizes :  some  of  them 
are  believed  to  be  the  casts  of  spongiform  zoophytes,  and  this  is  ren- 
dered more  probable  by  the  frequent  occurrence  of  fossil  echini  in 
cbalk,  in  which  the  interna]  part  is  filled  with  flint,  and  forms  a  pe^ 
feet  cast  of  the  animal,  (n  some  of  the  chalk  flints  near  Paris,  there 
are  beautiful  small  crystsds  of  SMlphate  of  strontian. 

The  constant  occurrence  of  flint  in  the  upper  chalk,  and  the  ap- 
parent conversion  of  animal  remains  into  flint,  formerly  gave  rise  to 
much  speculation  respecting  the  origin  of  flint ;  and  it  was  at  one 
time  maintained,  that  flint  and  chalk  were  convertible  or  capable  of 
undergoing  a  mutual  transmutation :  but  whatever  hidden  ph)cesses 
there  may  be  in  the  great  laboratory  of  the  earth,  by  whicb  all  min- 
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eni  substances^  held  to  be  elemeDtary  by  the  chemist,  may  be  re- 
solTed  into  original  elements  still  more  simple,  and  afterwards  recom- 
pounded  into  other  substances,  we  have  no  reason  to  mount  so  high 
in  our  speculations,  respecting  the  origin  of  flint. 

Flint  is  siliceous  earth  nearly  pure  ;  and  we  find  the  same  earth 
under  difierent  forms,  and  in  a  greater  or  less  proportio^i,  combin- 
ed with  almost  all  calcareous  rocks. 

Primitive  limestone  is  often  much  intermixed  with  siliceous  earth. 
Transition  limestone  occasionally  contains  rook-crystals  imbedded  in 
the  mass :  this  is,  dot  unfrequently,  the  case  in  some  of  the  transition 
limestones  of  Derbyshire.  The  magnesian  limestones  and  oolites, 
are,  also,  very  commonly  intermixed  with  siliceous  grains,  and,  often, 
alternate  with  strata  that  are  more  or  less  siliceous:  hence,  we  need 
not  be  surprised  to  find  siliceous  earth  in  chalk,  either  combined  with 
cafeareous  earth,  or  separated  in  distinct  concretions.  Wt^en  the 
cavities  of  a  sponge  tt  oi  a  crustaceous  animal  admitted  the  silieeous 
earth  to  enter,  it  appears  te  have  been  infiltered  from  the  chalk,  in 
the  same  manner  as  the  nodules  of  chalcedony  have  been  infiltered 
into  the  cavities  of  lava  or  basalt.  Between  chalcedony  and  flint 
there  is  a-  near  resemblance  ;  they  are  only  different  modes  of  the 
same  substance,  and  the  flint  nodules  in  the  western  counties  of  En^ 
land  are  firequently  chal^edonic.  The  hardest  rocks  and  stones  are 
permeable  to  water;  flint,  when  first  got  out  of  the  chalk  is  easily 
fractured,  and  the  fractured  surface  is  found  covered  with  moisture. 

The  organic  remains  in  the  chalk  formation  are  exclusively  marine. 
They  are  too  numerous  to  be  described  in  the  present  work,  but  it 
will  be  proper  to  notice  those  that  are  the  most  characteristic.  These 
are,  first,  echinites,  particularly  the  helmet-shaped  species  called 
ananchytes,  and  the  heart-shaped  species  spatangus,  cor  anguidum. 
The  chambered  shells  called  scaphites,  haroites,  turrilices,  and  bacu- 
fites,  are  regarded  as  peculiar  to  the  chalk  formation :  it  also  con- 
tains ammonites,  belemnites,  and  nautilites.  Numerous  organic  re- 
mains of  zoophytes,  in  the  state  of  flint,  particularly  of  sponges  and 
alcyonia,  and  various  species  of  bivalve  shells,  occur  in  chalk  ;  but, 
there  are  comparatively  few  spiral  univalve  shells  in  this  formation. 
It  b  probable  that  the  deep  ocean  in  which  6halk  was  deposited,  was 
not  suited  to  the  inhabitants  of  such  shells,  for  the  animals  had  heads 
and  eyes,  and  required  shallow  water  to  see  their  food.  Several 
specimens  of  fossil  fish  from  chalk  may  be  seen  in  the  valuable  mu- 
seum of  Mr.  Mantell,  at  Lewes,  and  some  vertebral  remains  of  large 
saurian  animals ;  bul  these  are  rare.  Teeth,  palates,  and  scales  of 
fishes,  occur,  more  frequently,  in  chalk,  than  vertebrae.    The  great 

S^reserration  in  which  some  of  the  most  delicate  organic  remains  are 
requ^idy  found,  reader  it  probable  that  chalk  was  deposited  in  a 
deep  and  tranquil  sea.  Balls  of  iron  pyrites,  with  a  radiated  diverg- 
ing structure,  are  frequently  found  in  chalk ;  and  in  the  chalk-pits 
near  Dorking,  the  large  spines  of  echini,  of  the  genus  Cidaris,  are 
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found  converted  into  pyrites ;  they  resemble  small  fungi  with  a  sudk 
and  rounded  bead.  Mr.  Mantell  has,  recently,  discovered  .the  Hip- 
purite  in  cbalk :  it  bad  not  been  found  before  in  Ekigland. 

Tbe  vegetable  remains  in  chalk  are  very  few,  and  appear  to  be- 
long to  species  of  fu^i ;  but,  accofding  to  M.  Broogniart,  in  the  Isle 
of  Ais,  near  Rochelle,  there  is  a  considerable  bed  of  lignite  in  the 
lower  bed  of  chalk,  which,  he  says,  may  have  been  formed  of  peat, 
composed  of  decayed  fuci  and  other  marine  plants. 

Before  concluding  this  brief  account  of  the  organic  remains  Id 
chalk,  it  .will  be  proper  to  notice  an  important  discovery  that  has  been 
lately  made  by  Dr.  Morton,  in  the  United  States  of  America,  k 
had  been  asserted  by  M.  Humboldt,  that  neither  oolite  nor  jsbalk  has 
been  found  in  South  America,  and  such  was  generally  believed  to  be 
also  the  case  in  North  America.  At  the  time  when  M.  Humboldt 
visited  South  America,  it  was  not  known  or  even  suspected,  that 
chalk  and  oolite  might  undergo  a  change  of  mineral  characters,  and 
be  converted  into  crystalline  rocks,  resembling  primary  and  transi- 
tion limestone.  I  believe  I  first  discovered  that  the  calcareous  rods 
in  Savoy,  which  were  described  by  the  French  geologists  as  primi- 
tive and  transition  limestones,  were  in  reality  lias,  oolite,  and  chalk; 
and  .about  tbe  same  period  Dr.  Buckland'  made  a  similar  discovery 
of  the  true  character  of  the  cakareous  beds  in  tbe  Alps,  which  had 
been  mistaken  for  transition  rocks.  It  is  therefore  probable,  that 
many  of  the  calcareous  beds  in  America,  may  represent  the  chalk 
and  oolite  of  Europe.  Dr.  S.  G.  Morton  has  ascertained  that  there 
are  extensive  beds  of  marl  m  New  Jersey  and  Maryland,  and  extend- 
ing into  other  states,  which  contain  the  characteristic  fossils  of  tbe 
chalk  formation,  pardcularly  baculites,  scapbites,  ammonites,  belem- 
nites,  echinites'(the  ananchytes;)  also  bivalve  and  univalve  sheUs  of 
the  same  epoch,  together  with  the  mososaurus  and  plesiosaurus.  In 
some  parts  this  formation  is  covered  by  tertiary  strata.  Mr.  Man- 
tell,  whose  accurate  knowledge  of  the  chalk  formation  in  England 
will  not  b^  disputed,  has  received  specimens  of  these  organic  remains 
from  America,  and  refers  them  decidedly  to  the  chalk  'formalion, 
though  he  considers  that  some  of  them  are  analogous  to  tbe  superior 
chalk  beds  at  Maestricbt,  which  are  wanting  in  the  chalk  formations 
of  France  and  England.    See  Silliman's  Journal,  February,  1832* 

Dr.  Morton'  is  about  to  publish  a  more  full  account  of  his  dis^ 
coveries. 

Between  the  epoch  when  tbe  chalk  was  deposited,  and  the  period 
whep  it  was  covered  with  the  tertiary  strata,  there  appears  to  have 
been  a  considerable  interval,  during  which  the  surface  of  (he  exten- 
sive mass  of  chalk  Was  deeply  furrowed  and  excavated,  before  a 
new  series  of  strata  were  deposited  upon  it,  destined  to  support  a 
new  cremation  of  animals  of  a  superior  class,  altogedier  diftrent  from 
those  which  have  left  their  remains  in  the  subjacent  strata.  In  some 
situations^  however,  the  tertiary  strata  appear  to  rest  conformabiy  on 
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cha]k,  and  present  do  mdications  of  any  intemiptioD  in  the  regular 
series  of  successive  deposits.  In  an  interestiiig  paper,  Inr  Professor 
Sedgwick  and  R.  J.  Murchison,  Esq.  on  the  rehtions  of  the  secon- 
dary and  tertiary  strata  on  the  southern  flanks  of  the  Tyrolese  Alps, 
published  in  the  Phil.  Mag.  for  June,  1829,  the  tertiary  strata  are 
described  as  forming  a  vast  series  of  beds  resting  on«caglia  or  chalk : 
the  lowest  of  these  beds  contain,  exclusively,  the  remains  of  marine 
animals,  and  no  interval  of  repose  can  be  traced  between  the  epochs 
of  the  formation  of  the  secondary  and  tertiary  sorata.  The  scaglia 
occurs  in  beds  nearly  vertical :  the  upper  on.es  contain  nodules  and 
layers  of  flints :  their  colour  is  red,  and  their  structure  fissHe.  The 
fewer  beds  are  thicker,  and  more  coippapt,  and  pass  into  a  beautiful 
white  saccharoid  marble.  The  scaglia  contains  in  some  parts  ammo- 
nites and  belemnites.  It  cannot,  bowevef,  be  denied,  that  where  the 
beds  are  so  much  broken  and  contorted  as  they  are  on  the  Tyrolese 
Alps,  and  where  their  mineral  characters  diflfer  so  much  from  the 
beds  of  the  chalk  formation  in  England  and  France,  it  becomes  ex- 
tremely difficult  to  ascertain  the  identity  of  these  secondary  depo- 
sitioos  in  distant  countries.-  In  the^  calcareous  fornoations  of  the  Savoy 
Alps,  I  not  only  discovered  the  characteristic  fossils  of  the  English 
strata,  but  observed  some  of  the  beds  possessing  the  true  minend 
characters  of  the  English  oolites,  and  lias|  but  where  these  charac- 
ters are  entirely  wanting,  and  where,  from  the  overturning  and  con- 
tortion of  the  strata,  the  aid  of  relative  geoIogit»l  position  cannot 
be  obtained,  the  inferences  from  a  few  fossil  organic  remains  must 
be  received,  with  a  certain  degree  of  caution. 
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CHAPTER  XV. 


on  the  formation  oe  secondary  limestone  and  sandstone, 
IlNd  on  the  progressive*  development  of  organic  life. 

•  f 

•On  the  DecomposiiioD  of  Chalk. — Whether  formed  by  Animal  Secretion,  or  by 
'Eruptions  of  water  holding  calcaredus  Earth  in  Suspension  or  Solution.— MuS 

.  Volcanoes. — Animal  Bodies  suddenly  encased  in  Chalk  indicate  the  Timereqnir- 
ed  to  form- a  Stratum  of  a  given  Thickness. — Oolite  and  Enchnal  limestoDe 
partly  formed  by  Animal  Secretion. — ^Formation  of  Sandstone. — Repeated  Ap- 
pearance of  Dfy  I^and  during  the  Eppch  when  the  Secondary  Strata  we^ed^ 
posited. — ^Progressive  Development  of  Organic  Life  in  the  Secondary  and  Tei 
tiary  Epochs. — Disappearance  of  enormous  Reptiles  and  phambered  Shells  froo 
the  Seas  of  Northen  Latitudes. — Probability  of  the  Icthyosaurus  existing,  asi 
living  Species,  in  the  present  Sea^. 

Having  travelled  with  the  reader,- over  (he  secondary  strata,  froai 
the  lowest  new  red  sandstone,  to  the  upper  6h4lk,.be  may  not  be  dis- 
inclined to  pause  awhile,  and  look  back  upon'  the  ground  which  be 
has  already  passed,  cpraprising  a*  series  of  c&lcareous.  sandy,  aod 
argillaceous  beds,  whose,  aggregate  thickness  may  liot  be  less  than 
ten  thousand  feet.  •  It  is  scarcely  possible,  in  observing  these  beds, 
and  the  bones  and  shells  of  extraordinary  animals  which  they  cod- 
tain;  not  to  feel  some  desire  to  ascertain  the  causes  by  which  thej 
were  thus  entombed,  and  to  enquire  iu  what  manner,  .or  by  what 
agents,  the  different  beds  were  deposited  or  consolidated.  Such 
researches  form  rational  and  legitimate  subjects  for  ihe  meditation 
of  the  geologist,  though  he  may  frequently  have  to  lament  the  imper- 
fection of  his  present  knowledge,  and  the  mystery  in  which  many  of 
the  processes  of  nature  are  still  involved. 

One  of  the  most  ancient  geok)gical  enquiries  relates  to  the  forma- 
tion of  limestone  rocks  and  strata.  Whence  was  the  calcareous  mot- 
ter  derived?  Some  limestone  rocks  are  composed  chiefly  of  shells, 
or  other  calcareous  remains  of  marine  animals,  and  in  such  iostao- 
ces  we  can  have  little  hesitation  in  ascribing  their  formation  to  animal 
secretion,  similar  to  what  is  taking  place  in  the  numerous  coral  reefs 
in  the  PaciBc  ocean.  There  are  other  beds,  however,  such  as  chalk, 
to  which  a  similar  formation  cannot  be  ascribed;  for  though  they 
contain  numerous  organic  fossils,  these  do  not  bear  the  proportion  of 
one  to  one  hundred  millions,  when. compared  to  the  whole  mass,  and 
the  chalk  does  not  appear  to  have  undergone  any  chemical  chaDge. 
from  heat  or  other  causes,  that  could  have  obliterated  the  traces  ol 
organic  existenoe.  In  no  formation  are  the  most  delicate  orgaaic 
textures  of  animals  better  preserved.  In  Mr.  Manteli's  splendid 
collection  of  chalk  fossils  at  Lewes,  there  are  specimens  of  fish,  in 
which  the  body  is  entire  and  the  air-bladder  is  uncompressed— ^nd 
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the  beautiful  forms  of  many  shells  covered  with  spioes,  prore  that  they 
could  not  have  been  drifted  from  a  distance,  or  deposited  in  an  ag- 
itated ocean. 

I  have  never  been  able  to  comprehend,  why  any  peculiar  difficulties 
should  be  supposed  to  attend  the  enquiries-  respecting  the  origin  of 
calcareous  or  magnesian  earlhk ;  or  of  the  carbon  and  sulphur  oc- 
curring in  rocks,  in  Ihe  state  of  carbonic  or  sulphuric  acids.  It 
would  be  equally  proper  to  institute  an  enquiry  into  the  origin  of  st- 
lex  or  alumine.  I  hold  the  earth  itself,  and  its  adcient  atmosphere, 
to  have  been  the  great  chemical  labofatories,  in  which  all  the  solid 
and  fluid  parts  of  the  surface  were  originally  prepared  and  formed; 
This  opinion  I  stated  at  some  length  in  Chap.  XVI.  of  the  second 
edition  of  this  work  in  J  61 5,  and  also  in  the  third*  fklition,  in  a  chap- 
ter on  the  agency  of  subterranean  fire  in  the  formation  of  rocks,  and 
on  igneous  and. aqueous  eruptions  of  earthy  matter.  It  has  been  too 
much  the  fashion  to  consider  all  the  seCoindary  strata  as  raechaif- 
ical  depositions ;  but  the  siliceous  strata  in  the  Paris  basin,  the  lay- 
ers of  flint  incbatk,  and  the  beds  of  chert  or  homstone  in  transi- 
tion limestone,  are  certainly  as  much  original  formauons  as  granite 
itself. 

In  referring  to  the  vast  magnitude  of  ancient  volcanoes,  I  have 
stated  that  they  had  doubtless  an  important  office  to  perform  in  na- 
ture :  and  can  it  be  unreasonable  to  bfelieve,  that  the  earth  itself  is 
the  great  laboratory  and  storehouse,  where  the  materials  that  forfm  its 
surface  were  prepared,  and  from  which  they  were'  thrown  out  upon 
the  surface  in  an  igneous,  aqueous,  or  gaseous  state,  either  as  melted 
lava,  dr  in  aqueous  solution,  or  in  mechanical  admixture  with  water 
in  the  form' of  mud,  or  in  the  comminuted  state  of  powder  or  sand  ? 
Inflammable  and  more  volatile  substances  may  have  been  emitted  in 
a  gaseous  state,  and  become  concrete  on  the  surface. 

These  primeval  eruptions,  judging  from  the  size  of  the  ancient  fis^ 
sures  and  craters,  may  have  been  sufficient  to  cover^a  l^rge  portion 
of  the  globe.  Nor  can  it  be  deemed  improbable,  that  still  larger 
and  more  ancient  craters  have  been  entirely  covered  by  succeeding 
eruptions.  In  proportion  as  the  formation  of  the  surface  advanced, 
these  eruptions  might  decline,  and  be,  more  and  more,  limited  in 
their  operation. 

It  is  not  necessary  to  suppose,  that  these  subterranean  eruptions 
consisted  only  of  lava  in  a  state  of  fusion.  The  largest  active  vol- 
canoes at  present  existing,  throw  out  thedifierent  earths  intermixed 
with  water  in  the  form  of  mud.  Nor  should  we  limit  the  eruptions 
of  earthy  matter  in  solution  or  suspension,  to  volcanic  craters :  the 
vast  fissures  or  rents  which  intersect  the  diflferent  rocks,  may  have 
served  for  the  passage  of  siliceous  solutions  to  the  surface.  We 
know  no  instances  in  nature  of  siliceous  earth  being  held  in  aqueous 
solution,  except  in  the  waters  of  hot  or  boiling  springs ;  and  nence 
it  seems  reasonable  to  infer,  that  many  siliceous  rocks  and  veins  have 
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been  depociced  from  subterraoeao  waters,  at  a  high  temperature.* 
Calcareous  or  cretaceous  matter  is  also  ejected  during  aqueous  vd- 
canic  eruptions.  According  to  Ferraray  streams  of  liquid  chalk,  or 
chalk  in  a  state  of  mud,  were  ejected  from  the  mud  volcano  of  Mac- 
aluba,  in  Sicily,  in  1777,  which,  in  a  short  space,  formed  a  bed  sev- 
eral feet  in  thickness.  Beds  of  limestone  may  have  been  formed  by 
similar  calcareous  eruptions,  in  which  the  lime  might  be  sometimes 
in  solution,  and  sometimes  mechanically  suspended  ;  and  the  Dumer- 
Qus  remains  o^  testaceous  animak  in  limestone  appear  to  indicate, 
that  the  calcareous  solutions  weire  favourable  to  the  growth  of  aDJ- 
mals,  whose  coverings  contain  so  much  cailcareous  matter.  •  Nor  is 
it  necessary  to  suppose,  that  .these  aqueous  eruptions'  were  always 
sudden,  and  attended  with  violent  convulsions,  ior  when '  a  passage 
was  once  opened,  they  may  have  risen  slowly,  and  have  been  diffiised 
in  a  tranquil  state,  and  by  gradual  deposition,  or  coddensatioD,  may 
have  enveloped  the  most  delicate  animals  or  vegetables,  without  in- 
juring their  external  form. — Second  edition,  1815. 

If  the  geologist  can  admit  such  a  condition  of  the  ancient  world 
as  above  described,,  a  condition  which,  on  a[  smaller  scale,  roigbtbe 
proved  to  have  existed  since  the  period  of  authentic  history:  if  1m 
will  further  admit,  that,  before  the  formation  of  chalk,  a  great  portion 
of  what  is  now  England,  and  the  northern  Continent  of  Europe, 
was  covered  by  a  deep  ocean,  .interspersed  with  islands,  aod  sur- 
rounded by  ancient  continents,  and  this  few  modem  geologists  wiH 
deny ;  then,  if  we  allow  submarine  aqueous  Eruptions  of  calcareous 
matter,  and  siliceous  Solutions  from  thermal  waters,  to  have  been 
poured  into  this  deep  ancient  ocean,  we  shall  have  adl  the  circuin- 
stances  required,  to  form  thick  beds  of  chalk,  interspersed  with  nod- 
ules of  flint. .  In  an  experiment  on  clay  formed  into  a  stiff  paste,  by 
admixture  with  a  ^turated  solution  of  alum,  it  was  found,  (Ml  break- 
ing the  clay  when  dry,  that  alum  was  interspersed  through  the  mass 
in  distinct  crystab  and  concretions.  In  the  same  manner,  we  nay 
suppose  that  the  silex  in  the  siliceous  solutions,  spread  through  the 
calcareous  matter,  would  separate  into  distinct  concretions,  fiUiog  ^^ 
cavities  and  pores  or  zoophytes — such  as  sponges  and  alcyonia,  or 
of  shells  deposited  in  the  chalk.  Every  fact  connected  with  the  his- 
tory of  chalk,  proves  that  it  was  formed  in  a  very  tranquil  sea,  aod 
not  by  the  drift  or  detritus  of  more  ancient  rocks.  Mr.  Maotell, 
whose  almost  daily  observations  on  the  chalk  formation  scarcely  suf- 
fer an  important  fact  to  escape  his  notice,  says,  that,  in  the  whole  of 
these  immense  beds  that  he  has  examined,  the  occurrenceof  a  single 
fragment  or  pebble  of  more  ancient  rocks  in  chalk  is  extremely  rare; 

*  M.  Brongniart;  to  whom  I  sent  a  copy  of  this  work,  of  the  edition  of  IBI^ 
snbseqaently  admitted  a  similar  formation  of  the  siliceous  beds  and  millstone  la 
the  Paris  basin,  namely,  that  they  were  deposited  by  thermal  waters  holdingrsiici 
ia  splntion. 
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a  fact  decisive  aga'mst  it9  being  formed  hj  tnechanical  deposition  of 
drift,  or  detritus  of  older  limestones.  The  preservation  of  the  most 
delicate  textures  of  animals  before  referred  to,  proves  beyond  doubt, 
that  those  organic  bodies  bad  not  been  transported  from  a  distance, 
or  subjected  to  tbe  violent  action  of  inundations  or  currents. 

The  ibssii  6sh  found  in  qhalk  with  the  body  'preservmg  the  nat- 
ural foraii,  and  with  tbe  air  bladder  ' uncompressed,  proves  beyond 
doubt,  that  the  animals  were  encased  iii  mineral  matter,  before  tbe 
putrefactive  process  had  effected  the  desstruction  6f  the  fleshv  parts. 
A  sudden  eruption  of  thermal  water  holding  calcareous  earth  in  so- 
lution or  suspension,-  might  ipstantly,  deprive  the  animals  of  life,  and 
protect  their  bodies  from  decay.    The  matter,  called  ertta  by-  Per- 
rara,  erupted  from.  Macaluba,  was  certainly  a  soft  limestone,  analo- 
gous to  chalk ;  and  though  tbe  eruption  lasted  only  part  of  a  day,  it 
formed  a  stratum  many  feet  in  thickness^     Had  this  erujHion  taken 
place  ooder  wate.r,  the  earthy  matter  would  hafve  been'  more  widely 
difiused,  and  the  stratum  of  limestone  deposited,  wotrld  have  been 
ptoportionably  thinner.     Itt  the  case  of  th6  fossil  fish  before  stated, 
we  are  not  obliged  to  suppose  the  deposition  to* be  so  rapid  :  several 
days  might  elapse,  before  tbe  body  was  entirely  buried  under  caica* 
reous  earth.     If  we  say  seven  days,  and  estimate  the  thickness  of  the 
fish  at  three  inches,  we  shall  have  a  chronometer  to  measnre  the  time 
required  to  form  a  stratum  of  chalk  three  inches  in  depth,  which  is 
ooe  week.    This  is  equal  to  one  foot  in  a  month,  or  twelve  feet  in  a 
year;  and  could  we  suppose  the  deposhion  to  proceed  without  in- 
terropfion,  it  wbuld  not  require  more  than  ninety  years,  to  form  a 
mass  of  chalk  beds,  one  thousand  feet  in  thickness ;  which  is  mote 
than  that«of  all  the  chalk  beds  in  England.     It  is  by  no  means  in- 
tended to  support  the  opinion,  that  the  cbalk  beds  were  ajl  deposited 
in  so  short  a  period ;  long  intervals  of  repose  might  pass  betweeft 
different  eruptioas.     My  object  in  calling  the  attention  of  geologists 
to  this  subject  is,  to  show  that  strata  may  be  formed  more  rapidly 
than  they  are  generally  disposed  to  believe,  and  that  the  feeble  ope- 
rations of  natoral  causes  in  our  own  times,  however  similar  in  kind, 
bear  no  proportion,  in  therr  intensity,  to  the  mighty  agents  that  have 
formed  the  ancient  crust  of  the  globe.     The  deposition  of  a  bed  of 
calcareous  earthy  a  few  feet  in  thickness,  in  some  of  the  Scottish 
lakes,  as  described  by  Mr.  Lyell,  would  appear  to  have  required 
many  centuries  for  its  completion.     In  some  of  the  beds  of  oolite, 
die  quantity  of  animal  remains  bears  a  considerable  proportion,  to  the 
whole  mass,  and  the  beds  of  encrinal  limestone  in  some  of  our  moon- 
tain  limestones,  are  formed,  principally,  of  the  stems  at)d  branches 
of  encrinites,  probably  broken  by  tbe  violent  action  of  the  sea  ;  but 
it  ianot  improbable,  that  the  interstices  have  been  filled  by  calcareous 
depositions.     It  is  obvious,  that  limestone  strata  of  considerable 
thickness,  if  composed  chiefly- of  organic  remains,  would  require 
eootaries  for  their  completion.  , 
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Let  us  now  take  a  brief  survey  of  the  beds  of  secondary  sand 
and  sandstone.  The  lowest  or  new  red  sandstonel,  appears  to  have 
been  formed,  in  an  epoch  of  volcanic  actipn,  over  a  large  portion  of 
the  present  European  continent,  which  broke  op  the  foundation  of 

Erimary  and  transition  rocks,  and  scattered  their  fragments  over  the 
ed  of  an  ancient  ocean.  In  many  parts  we 'observe  a  tendency  to 
form  beds  of  porphyfy,  but  the  process  appears  to  have  been  oftea, 
.more  or  less,  inierru^ited  by  disturbing  causes ;  and  we  observe  por- 
phyritic  beds,  with  we'll  defined  crystals  of  felspar,  alternating  with 
sandstone  pf  mechanical  formation.  We  may  further  observe,  that 
b  this  epoch  of  disturbahoe  there  were  long  .intervals  of  repose,  d(u^ 
ing  which  th^  beds,  of  magnesian  limestone  and  muscbel-kalk,  were 
deposited  in  certain  situations. 

The  operadon  of  mechanical  causes  is  obvious  in  almost  all  sand- 
stone rocks,  and  beri»  of  conglomerate ;  and  the  experiments  of  Sir 
Janiee  Hall  prove,  that  beds  of  loose  sand,  if  permeated  bjr  steam 
from  saline  water,  at  a  high  temperature,  may  be  agglutinated  into 
^ndstone.  With  respect  to.  beds  of  clay,  their  formation,  by  sedi- 
mentary deposition,,  will  not  be  doubted  ;  but  wieare  not  certain  that 
in  some  instances,  the  matter  may  not  have  been  ejected  by  sub- 
marine mud  volcanoies,  containing  tlie  sulphur,  iron,  and  saline  mat- 
ter, in  wliich  several  of  these  beds  abound. 

One  of  the  most  interesting  circumstances  attending  the  secooda- 
ry^«sirata  is,  the  convincing  evidence  they  aflbrd,  that,  at  different  pe- 
riods of  their  formation,,  the  earth  had  extensive  tracts  of  dry  land, 
either  islands  or  continents ;  for,  though  the  prevailing  character  oi 
tlie  secondary  strata  is  that  of  marine  beds,  yet  we  find  among  ihenit 
b^ds  containing,  exclusively,  fresh-water  shells,  and  also  terrestrial 
and  marsh  plants,  and  in  almost  all  the  secondary  strau,  (except 
chalk,)  though  the  organic  remains  may  be  chiefiy  marine,  we  find 
remains  of  Iresb-water  animals,  or  terrestrial  plants,  which  were 
probably  brought. by  rivers  from  the  land,  and  floated  into  the  an- 
cient oc^an.  We  have,  beside  the  above  evidence,  the  regular  coal 
strata,  3000  feet  or  more  in  thickness,  abounding  in  terrestrial  f\^^* 
We  have,  also,  a  great  thickness  of  fresh-water  strata  in  some  part 
of  the  oolite  formation,  and  again  the  Wealden  strata,  more  than  a 
thousand  feet  in  thickness,  appear  to  have  been  deposited  in  a  fresh- 
water estuary  or  river^  which  would  require  a  large  continent  of  dry 
land  for  its  formation.  Now,  it  is  remarkable,  that,  in  all  the  above 
beds,  we  do  not  find  a  single  bone  of  any  large  mammiferous  land 
quadruped,  nor  even  of  the  smallest  species,  except  in  the  anom^ 
lous  instance  of  Stonesfield. 

To  maintain  tha(  such  bones  not  having  been  discovered,  is  no 
evidence  that  they  may  not  exist,  appears  to  me  to  be  making  a  re- 
trograde step  in  scienpe.  It  is  true,  that  "the  bottom  of  the  sea 
has  not  been  dredged,"  to  discover  what  species  of  animals  have  ex- 
isted in  former  ages :  the  geokgist;  however,  can  have  no  need  oi 
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«Dcb  ao  operation,  for  the  land  beneath  the  former  sea  has  been  laid 
bare,  and  is  now  exposed,  over  an  extent  equal  to  ibat  of  all  the 
habitable  parts  of  the  globe.-  Kvery  island  and  oontinent  bas  formed 
part  of  an  ancient  bed  of  the  pcean,  and  that  not  once,  but  repeat- 
edly. This  extended  surface  of  the  ancient  bed,  is  exposed  to  the 
examination  of  thousands  of  observers,  in  every  degree  of  latitude 
not  covered  by  pelar  snows.'  The  absence  of  remains  of  the  higher 
orders  of  animals  in  all  the  secondig-y  strata,  and  the  frequent  re- 
currence of  these  remains  fn  the  more  recent  or  tertiary  strata,  ap*  - 
peario  affi>rd  presumptive  evidence,  amounting  almost  to  certainty, 
that  the  higher  orders  did  not  .exist,  at  least-  in  the  northern  hernia* 
phere,  till  an  epoch  subsequent  to  the  deposition  of  all  the 'seconda- 
ry formations. 

When  we  ascend  to  the  strata  deposited  at  a  later  period  thati 
cbaJk,  we  6nd  a  remarkable  change  in  the  character  of  the  organio 
remains.  The  ammonites,  and  other  chambered  shells,  which  are 
so  nomerous  in  xh6  secondary  strata,  disappear,  entirely,  in  the  ter- 
tiary strata,  except  the  fos3il  nautilus,  which  is  occasionally  found  in 
them ;  and  the  animal  now  exists  as  a  living  species  in  tlie  Indian 
Ocean;  The  enormous,  lizards,  and  animals  allied  to  the  lizard  and 
crocodile,  who^e  boiies  abound  in  the  secondary  strata,  from  lias  to' 
chalk,  disappear  also  in  the  tertiary  strata,  with  the  rare.exceptioiipof 
a  small  species  of  crocodile  ;-^a  fact  which  in^licates,  that  animals  of 
this  order  ceased  to  be  inhabitants  of  northern  latitudes  when  th^ 
tertiary  strata  were  deposited.  In  the  tertiary  strata,  the  place  of 
tfaeee  enomoous  reptiles  is  occupied  by  the  remains  of  the.  higher  or^ 
der  of  terrestrial  mammalia,  but  belonging  to  genera  ot  species  npw 
extinct;  the  gigantic  mastodon,  the  mammoth, > and  megatherium, 
rivalled  in  magnitude  the  enormous  reptiles  of  a  more  ancient  world. 
Other  species  of  mammalia  of  less  size,  both  herbivorous  and  car- 
nivorous, but  equally  perfect  in  their  organization  with  the  Idnd  quad- 
rupeds of  the  present  epoch,  have  left  their  bones  in  many  of  the 
tertiary  beds.  Here  we  may  stop ;  for  we  approach  to  a  period 
ooooected  >  with  the  present  order  of  things,  a  period  immediately  ' 
preceding  that  mysterious  operation  of  divine  power  and  intelligebc0, 
the  creation  of  man. 

The  doctrine  of  the  progressive  development  of  organic  life  here  ' 
Mefly  stated,  has  been  recently  opposed  by  highly  ingenious  argu- 
ments, which  display  the  great  talents  and  ability  of  the  author,  biit 
which,  in  my  opinion,  do  not  invalidate  the  truth  of  the  doetriner— 
a  doctrine,  however,  that,  like  almost  all  geberal  conclusions-,  require 
to  be  admitted  with  certain  limitations  and  restrictions.  jBvery  in- 
stance hitherto  adduced,  of  bones  of  the  Jiigher  orders  of  animals 
being  found  in  ancient  secondary  strata,  has  proved,  on  accurate  ex- 
aminatioo,  to  be  fallacious.  An  instance  of  ibis  kind  came  under  my 
observation,  when  on  a  visit  to  my  native  town,  Nottingham,  in  J  831. 
A  medical  gentleman  showed  me  the  portion  of  the  thigh-bone  of 


212  PB0GBE8S1FB   DEVELOPMENT   OF   ORGANIC   LIFE. 

an  dx,  which  he  had  treasured  up,  with  great  care,  as  it  was  ob** 
tained  from  a  deep  excavation  on  the  side  of  a  hill  of  sandstooe, 
near  Nottingham.  As  this  sandstone  belongs  to  the  more  ancient  of 
the  -secondary,  strata,  the  red  sandstone  4ind  marl,  (see  Chap.  XI.) 
and  as  the  bone  was  placed  deep  under  the  surface,  and  the  work- 
men declared  .there  was  no  fisssure  or  .opening,  near  to  where  the 
bone  was  found,  the  specimen  was  regarded  as  afibrding  a  remarka- 
ble exception  to  a  general  law  in  geology.  Knowing  from  the  struct 
ture  of  .the  rock,  that  it  is,  almost  every  where,  intersected  by  deep 
vertical  fissures,  I  was  persuaded  that  the  true  position  of  the  booe, 
had  not  been  cof/ectly  staled  by  the  workmen ;  and,  00  carefullj 
•zamining  the  cave,  a  deep  fissure,'  extending  to  the  surface,  was 
discovered,  close  to  the  situation  where  the  bone  was  found.  There 
can  be  no  doubt  tb^t  the  bone  bad  fallen  into  thia  fissure,  and  was 
thus  introduced  into  a  lower  stratum  of  sand  rock. 

When  wip  consider  , the  vioksnt  convulsions,  and  overturnings  to 
which  the  crust  of  the  gbbe  has  beeh  subjected,  it  is  truly  surprising 
that  remains  of  the  higher  orders  of  animals,  if  they  had  prevkxisif 
existed,  should  not  have  beeii  frequently  buried  in  the  lower  ancteot 
strata.  Perhaps'  the  bbneS'of  small  terrestrial  animals  in  the  calca- 
reous slate  of  Stonesfield  may. have  been  carried  ^thither,  during  the 
tertiary  epoch,-  by  subteiTanean  streams  of  wdter ;  as  such  unde^ 
ground  streams  and  rivers  are  of  frequent  occurrence  in  many  lime- 
stone co\intries. 

,  In  the  long  age^  of  change  and  disturbance,  during  which  the  sofid 
surface  of  our  planet  was  approaching  to  its  present  state,  we  dmj 
reasonably  believe  that  the  earth  was  not  fitted  to  be  the  residence 
of  roan  and  tbe' higher  order  of. animals.  Even  those  geologists 
who  deny  ihe  progressive  devek)pment  of  organic  life,  admit  that 
laao'-is  a<  recent  inhabitant  of  the  globe ;  but  if,  as  they  maintain,  the 
essential  conditions  of  the  earth  have  been  the  same  as  at  present, 
(hiring  an  indefinite  series  6f  ages ;  if  the  same  causes  have  always 
beeo.ii^  operatiojfi,  without  any  increased  intensity  of  action;  if  the 
earth,  from  the  remotest  imaginable  epoch,  bad  islands  and  conuo- 
entS)  rivers  and  seas,  enjoying  a  similar  temperature  to  tbe  present, 
though  placed  in  different  latitudes :  if  such,  I  repeat,  were,  from 
the  remotest  epoch,  the  condition  of  the. globe,  00  assignable  reas^ 
can  be  imagined  why  it  might  not  4)ave  been  inhabited  by  man.  if 
only  such  changes  as  we  at  present  observe  were  tb^n  Uiking  place* 
OP.  even  aupposing  them  to  be  m6re  extensive  in  their  operation,  J^ 
ibe  human  racfe  might  3tili  have  flourished  in 

"  Some  safe  retreat  in  depth  of  woods  embraced, 
**Sorae  happy 'island  in  ine  watery  waste/' 

But  the  more  ancient  strata  present  evidence  of  such  overwhelmioS 
changes  and  mighty  convulsions,  elevating  mountain  ranges,  breaking 
the  solid  crost  of  the  globe,  and  soattering  the  fragments  10  eveiy 
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dtreotjoii,  that,  during  thase  epochs  of  disturbance^.neither  the  eartb 
nor  tha  atmosphere  could  be  fitted  for  the  residence  of  roan,  or  the 
higher  order  of  aniroals ;-  nor  do  we  find,  anoong  the  secondary  strata 
that  have  once  been  drj  tand,  any  reniaias  of  its  former  iobabitaoits, 
^;icept  the  bones  of  enomious  i^eptiles. 

,  Though  man  and  the  higher  orders  of  aDimals  could  t)ot  ^xist 
during  ati  epoch  of  uniTersal  disturbance,  yet  we  can  discover  no 
reason,  why  many' genera  and  speeies,  particularly  of  marine  aniitialst 
thit  bave  formerly  existed,  should  be  now  extmct,  unle^  a  chdnge 
has  taken  place  in  the  temperature  -of  the  globe*  Indeed,  it^t 
ibund  that  maoy  genera  and  species,  which  are  disoorered  only  in  a 
fiissil  state  in  Europe,  still  inhabit  the  seas  of  tropical  clifnates^  and 
some  species  that  were  supposed  to  be  entirely  exfinct,  have  been 
recently  diecovereol  living  iq  southern,  latitacies.  More  important 
discoveries  of  this  ktnd  may  probably  be  made,,  as  we  know  little 
r^pecling  the  state  of  animd  existence  at  the  bottom  of  the  sea^  or 
what.  mottQters 

"The  deep  unftithoin'd  caves  of' oceao  bear. '^  ' 

"  ^t  qnee  marmoreo.  fert  monstra  snb  lequore  pontu^.1' 

I  am  inclined  to  beiieye,  that  the  ichthyosaurus,  or  some  species 
of  a  similar  genus,  is  stjll  existmg  iq  the  present  seas.  About  six^ 
teen  years  fince,  a  large  animal  was  seen  tor  several  summers  in  the 
Atlantic,  near  the<^oast  of  the  United  States,  and  was'  called  the  great 
sea  serpent.  Its  appearance  was  frequently  announced  in  the  public 
journals,  but  the  existence  of  the  animal  was  for  some  time  disbe- 
lieved in  this  f^ountfy.  I  am  informed  by  Professor  SiHiman  of 
Yale  College,  Connecticut,  of  whom  I  made  enquiry,  that  many,  per- 
sons who  attested  the  existence  of  the  sea  serf^ent  from  their  own 
observatiops,  were  so  highly  respectable,  both  for  ioteIliget)ce  and 
veracity,  that  their  evidence  coald  not  be  disputed.  ' 

I  remember  one  of  the  most  particular  descriptions  of  the  sea  ser- 
pent Was  given  by  an  American  captain,  who  saw  the  aiiimal  raise  a 
large  portion  of  its  body  from  the  water :  he  represe^ited  it  as  of 
great  length,  and  about  the  bulk  of  a  large  water  cask ;  it  bad  pad- 
dies somewhat  like  a  turtle,  and  enormous  jaws  lik^  the  crocodile. 
This  description  certainly  approaches  to,  or  may  be  said  to  corres- 
pond with,  the  ichthyosaurus,  of  which  animal  the  captam  had  prob^ 
ably  never  heard.  An  animal  of  the  magnitude  attributed  to  tbe  sea 
serpent  would  certainly  require  paddles  or  fins  to  impel  it  swiftlj 
through  the  water.  I  very  much  regret  that  I  am  unable,  to  refer  to 
tbe  American  ^aper  from  which  the  apcount  was  taken,  and  must  be 
content  to  direct  the  attention  of  future  observers  to  the  above  state- 
ment, should  the  sea  serpent  again  appear  in  the  Atlantic  Ocean.* 

« 

■  —      ■ '  -      -   —       -  '        — 

•  In  tbe  AmericaD  Journal  of  Science  and  Arts^  Vol.  11,  p.  147-1&4|  may  be  seen 
a  coUection  of  documents  on  the  subject  of  the  sea  serpent ;  they  were  compiled  by 
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Id  the  memoir  and  correspondence  of  tbe  late  Sir  James  Edwird 
Smith,  just  publiahedi  there  is n  letter  from  Dr.  Goodenough,  Bishop 
of  Cariisloy  referring  to  the  American  sea  serpent,  from  which  the 
ibllowing  passage  is  extracted :— ^*'  Tbe  famous  American  serpent  is 
at  length  ascertained  to  bje  no  fiction.  It  seems  that  there  has  always 
been  a  rumouf  of  this  animal :  Aldrovandas  mentfons  it  among  others. 
However,  it  has  never  been*  caught  and  described.  It  has  now  been 
seen  by  three  hundred  people  at  once,  and,  hopes  are  etftertained  that 
ere  long  this  will  be  taken.  It  is  of  immense  length  and  size."-* 
JVa».  1819. 

I  cannot  conclude  thes6  brier  obseiiyations  on  the  progressive  de- 
velopment of  organic  life  on  our  planet,  without  remarking,  that  if 
man  were  recently  created,*  as  geologists  generally  maintain,  this  cir- 
comstabce  alone  afibrds  strong  presumptive  evidence,  to  those  who 
admit  the  doctrine  of  final  causes,  and  of  a  presiding  inteliigeoce, 
that  the  ancient  donditiop  of  the  globe,  and  the  changes  then  in  ope* 
ration,  were  very  different,  from  what  we  observe  at  present;  or,  is 
bther  words,  that  the  world  was  not  then  prepared  by  the  Creator  for 
the  residence  of  tnan. 


Dr.  Jacob  Bigelow  of  Boston,  and  present  a  mass  of  evidence,  sufficient  to  esub- 
lish  any  fact  which  is  capable  of  being  substantiated  by  hnman  testimony.  Al- 
most every  year  since  has  added  to  tbe  amount  of  evidence ;  and  the  present  snoh 
mer  (1833)  haslwen  pariicOlarly  fruitful  in  such  testimony.  Attempts  to  capiore 
or  kin  these  extraordinary  animals  have  proved,  hitherto,  abortive  j  but,io  some 
more  fortunate  conjuncture,  the  Eastern  seamen,  proverbial  for  their  intrepidii/ 
and  dejEterity  in  huntio;  the  whale,  will  yet  bring  in  the  sea  serpent,  or  the  mi- 
mal,  whatever  ii  may  be,  that  has  borne  that  name.  Mr.  Bakewell's  ingeiuons 
conjecture,  that  it  may  be  a  Saurian,  agrees,  however,  much  better  with  the  sup* 

Eosition  that  it  is  a  Piesiosaurus  than  an  Ichthyosaurus,  as  th^  short  neck  of  i^e 
itter  does  not  correspond  with  the  ordinary  appearance  of  the  sea  serpent/ 
iS^»i6^r,.  1^33.  .        '^    B.S. 
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CHAPTER  XVI. 

r  t  * 

ON    THE   LOWER   OR  MORE   ANCIEUT   TERTIARY   STRATA* 

Pormalion  of  Tertiary  Strata  in  iAkes  or  Inland  Seas.-^Lakes  of  North  Amcrir 

ca.— Falte  of  Niagara. — Alternations  of  Marine  and  Fresh  water  Sti-ata. — Ar- 

rangeaieot  of  ibe  Tertiary  Strata  in  the  Paris  Basin. — Plastic  Clav  ajtd  LoDr 

don  Clay. — Geology  of  the  lower  Vale  of  the  Thames. — Remains  of  Crocodiles 

and  tbe'Kaotilns  in  London  Clay^ — ^Molasse  of  Alpnach  in  Switzerland,  with 

CoaS  and  Teeth  o/  the  Masto<^o°- — CaUaire  0r4fssUr,  or  Coarse  Limestone  of 

the  Paris  Basin,  supposed  to  be  of  the  same  Age  as  the  London  Clay. — Calcairt 

Siiecinx.— Gypsum 'and  Gyp$eoas  Marl  of  the  Paris  Btisin,  containing  Bones 

of  nnmerbus  extinct  Species  of  Land  Claadrupeds.— 'Remarks  on  their  discover 

ry  and  Organization  by  Baron  Cuvier. — Marine  Sandstone.-^-MiRstone.-^Up^ 

per  Freshwater  For mation.^Teriiary  Strata  in  thels>e  of  Wig^ht.— Crag  of 

Norfolk,  its  true  Geological  Position  not  determined. -^lifls  of  Brighton. 


T%t  name  of  tertiary  ha$  bee^  given  mth  muph  propriety  to  all 
the  strata  that  are  more  recent  than  the  secondary  ;  the  term  is  intel^ 
Ugtble,  and  ought  not  to  he  changed  without  sufficient  reason  ;  the 
introduction  cf  nfiw  names  in  science  serves  only  to  pervleic  the  jm- 
dent,  and  is  attended  with  no  advantage.  The  name  of  supercreta- 
ceous,  which  has  recently  been  applied  to  the  tertiary  strata ,  is  pec%^ 
liarly  inappropriate^  as  these  strata  ihay  cover  any  of  the  lower  rocks^ 
.and  in  Auvergne  thfhf  may  be  seen  resting  on  granite.  If  a  new 
n^me  were  necessary^  post-cretaceous  should  have  been  chosen;  as  all 
geologists  are  agreed^  that  the  tertiary  strata  were  deposited  tfter 
chalk,     ' 

\  * 

The  tertiary  formations  eomprise  all  the  regu)ar  strata  of  lime- 
stone, marl,  clay  aod  sandstone,  that  have  been  deposited  after  cbalk* 
It  is  ooiy  since  the  commencement  of  the  present  century  that  they 
have  attracted  the  notice  of  geologists :  their  true  nature  wds  before 
unknown,  or  they  were  supposed  to  be  local  and  alluvial -depositions* 
It  is  now  discovered  that  tertiary  formations  are  widely  spread  over 
many  ports  of  the  globe,  and  are  often  of  considerable  thickness. 

Tbe^first  circumstance  which  proved  that  the  tertiary  beds  were 
distinct  from  tlie  secondary,  was  the.  discovery  that  many  of  these 
beds  contain  the  bones  of  the  higher  order  of  animab,  as  perfect  in 
their  organization  as  any  of  the  existing  species  of  land  quadrupeds. 
The  tertiary  beds  were  farthef  remarkable,  for  presenting  frequent 
alternations  of  beds,  containing  the  remains  of  marine  aoin^als*  with 
other  beds  that  contatn  exclusively  the  remains  of  land. animals,  and 
plants,  and  fresh  water  sbeUs :  hence  the  latter  beds  were  denomina- 
ted fresh  water  formations.  A  more  accurate  examination  of  the 
secondary  strata,  has  since  been  discovered,  that  fresh  water,  ferm^* 
tioQs  occur  also  among  tb^  more  ancient,  strataj  but  their  characters 
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are  DOt  so  distinctly  marked.    When  the  first  edition  of  this  woik 
was  published^  viz.  early  in   1813,  the  name  of  freshwater  forma- 
tions was  scarcely  Icdowo  in  England,  bul^  the  author  ventured  to  of- 
fer an  explanation  of  their  formation,  from  what  is  now  taking  plice 
in  extensive  lakes :  a  similar  exp^nation  has  since  been  generally 
adopted.    "  The  lakes,  of  Nprtli  America,  are  seas  of  frea^  water, 
more  than  1500  miles  b  circuit;  they  are  placed  at  a  considerable 
elevation  above^  the  Atlantic,  and  at  different  levels.    They  unite  by 
small  straits  or  rivers,  which  have  a  rapid  descent.    On  some  of  the 
rivers/are  prodigious  waterfalls,  which  are  continually  enlarging  and 
deepening  the  passage  frem  one  to  the  other;  and  will  ultimately 
effect  the  drainage  of  the  uppqr  lakes.    The  falls  of  Niagara,  are 
wellknoWn;  the  water  i^  divided  by  a  small  island,  which  separates 
the  river  into  two  cataracts,  one  oi  which  is  600  yards,  and  the  other 
d$0  yards  wide  :  the  height  of  the  falHs  from  140  to  IQO  feet.    It 
is  esliniated  that'  670,000  tons  of  water  are  dashed  every  minute 
with  inconceivable  force,  against  (he  bottom,  and  are  thus  weariag 
down  the  adjacent  rocks.     Since  the  banks  of  the  cataract  were  io- 
habited.by  Europeans,  they  have  observed  that  it  is  progi^vely 
ri^ortening  the  distance  of  the  falls  from  Lake  Erie..   When  it  has 
worn  down  the  intek'yening  calcareous  rocks,  the  upper  lake  will  be- 
conle  dry  land,  and  form  an  extensive  plain  or  valley,,  surrounded 
by  rising  groond,  and  watered  by  a  river  or  smaHer  lake;  which  ^IQ 
occupy  the  lowest  part.  '  Jn-  this  plain  future  giologUti  may  trace 
ifuceessive  strata  offresh  water  formation,  covering  the  subjacent  on- 
aent  limestone.     The  gradual  deposition  of  minute" earthy  pariideft 
or  the  more  rapid  subsidence  of  mud  from  sudden  inundations,  vSl 
form  distinct  beds,  in  which  mil  be  found  the  remains  of  freshmUr 
fish,  vegetables  and  quadrupeds" — 1st  edition,  1813,  pp.  182, 183. 
In  the  frontispiece  to  the  present  volume  will' be  seen,  a  bird's-eye 
view,  orrnap  olthe  country  round  Niagara,  drawn  by  nny  eldest  son, 
V^ho  passed  several  days  at  the  faUs  of  Niagara  in   1830.    In  this 
drawing  the  accuraf/e  proportion  of  distance  is  disregarded^  b  order 
ta  bring  the  several  objects  into  one  point  of  view.    The  deep  chasm 
Cxmed  by  the  cataract  is  seen  in  front,  from  which  the  water  is  isso- 
ing  into  a  lower  country  at  Lewiston,  nearly  on  a  level  with  lA^ 
Ontario,  into  which  the  river  flows.     Mr.  Joseph  Henry,  in  a  topo- 
grapliieal  sketch  of  the  state;  of  New  York,  says,  **  The  descent  of 
file  country  from  liake  Erhe  to  Ontaria  is  principally  bv  a  step,  not 
at  the  fells,  but  at  Lewiston^  several  rniles  below:"  this  is  the  po- 
sition from  wfiich  the  drawing  in  ,the  frontispiece  was  taken.    Mr. 
H.  adds,  **'ln  viewing  the  positran  of  the  falls,  and  the  features  of 
die  country  round,  it  is  impossible  not  to  be  impressed  with  the  idea, 
that  this  great  natural  race-way  has  been  formed  by  the  continued 
action  of  the  irresistible  Current  of  the  Niagara,  and  that  the  fallSf 
beginning  at  LeWiston,  have,  in  the  course  of  ages^  wpro  back 
the  rocky  stratti.  to  their  preseqt  site.    The  deep  chasm  through 
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which  the  Niagara  passes,  below  the  falls,  is  nearly  a  ipile  wide  with 
almost  perfect  mural  sides." — TVansactian$  of  ihe  Albany  Institute* 

la  Mr.  Loudon's  Magazine  of  Natural  History,  March,  1830, 
diere  is  an  account  of  ihe  falls  of  Niagara,  and  of  the  physiccd 
structure  of  the  adjacent  country,  by  my  son,  Robert  Bakewell,  jun* 
ior.  I  preferred  making  the  above  extract  from  Mr.  Henry's  .de^ 
criptioD,  as  it  conGrms  the  general  accuracy  of  the  drawing  in  the 
frontispiece.  Below  will  be  seen  a  statement  of  the  levels  and  the 
extent  of  the  'North  American  lakes.*.  These  lakes  may  justly  be 
styled  seas  of  fresh  water.  Though  their  present  surface  is  consid-* 
erably  elevated  above'  the  level  of  the  ocean,  the  bottom  of  some  of 
the  largest  lakes  is  much  below  tbe  ,tide  line ;  and  were  these  lakes 
situated  nearer  to  the  Atlantic,  we  might  easily  imagine  that  after  the 
fresh  water  had  subsided  to  the  s^a  level,  tbey  might  be  subject  to 
frequent  irrupiions  of  salt  water,  which  would  produce  a  change  jq 
the  nature  of  the  inhtibitants  of  these  lakes;  or,  in  other  words, 
would  occasion  alternations  of  marine  with  freshwater  strata,  without 
any  change  in  the  relative  level  of  the  land  and  sea« 

In  England  and  France,  there  appears  to  have  been  a  considera- 
ble interval  between  the  depositicxd  of  the  chalk,  and  of  the  lowest 
beds  of  the.  secondary  strata ;  foV  the  surface  of  the  chalk  is  deeply 
furrowed  and  broken,  Apparently  by  the. action  of  torrents,  or  inunda- 
tions, and  the  hollows  filled  by  the  tertiary  beds.  In  some  parts^of 
the  Cbminent,  however,  the  line  of  separation  between  tlie  seconda- 
ry and  tertiary  strata  is  not  so  distinctly  marked,  and  they  are  both 
elevated  together,  conformably. 

The  tertiary  strata  form  the  outer  crust  of  the  globe,  and  have^ 
every  where,  been  subjected  to  erosion  from  torrents  ami  inundations, 
that  have  swept  over  parts  of  its  surface,  and  transported  the  frag- 
ments into  distant  countries  or  into  the  ocean.  We  canript,  from  the 
present  bcalities  of  the  upper  strata,  determine,  with  any  precision, 
tbe  boundaries  of  the  inland  lakes  or  seas  in  which  they  were  de- 
posited. Many  of  these  strata  have,  evidently,  once  extended  far 
beyond  their  present  limits ;  but  have  been  s6  completely  destroyed, 
that  we  can  infer  their  former  existence,  only  by  a  few  remaining 
detached  portions. 


«  From  I^ke  Erie  to  the  falls  of  Nia^^ra,  tbe  distance  is  SI  miles.  From  tbe 
falls  to  Le viston,  at  the  mouth  of  the  chasm,  the  distance  i^  7  miles.  From  Lewis' 
too  to  I^ke  Ontario  the  distance  is  7  miles. 

EleraUati  abore               Mean                   Length.  -                 Vea 

itaeaea.                     4eptlL                    ,  IkreadUb 

Feet                        Feet                      Hilet.  MUm. 

Lake  Saiierior          -    641 «                   900                    300-  SO 

LakeHoron              -    696                     900                     200  ,         9& 

Lake  Michigan         -    600               .      900                     300  50 

Lake  Erie    -            -    566                     190                     930  86 

Lake  Ontario           -    931                     499                     180  » 
Total  quantity  of  noare  miles  covered  by  the  lakes,  79^980. 

2B 
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Id  FrtDCBi  the.tertiarj  strata  are  more  widely  spread,  and  many 
of  tbein  motpe  fully  developed,  tbaD  m  England  :  it  is  indeed  scarce- 
ly possible  to  imagine  a  more  distinct  display  of  the  series  of  strata 
in  aoy  class  of  rocks,  than  is  presented,  close  to  the  very  gates  of 
Paris.  In  a  capital  so  distinguished  for  8cienti6c  tnvestigation,  and 
possessing  so  many  able  and  acute  observers,  it  does,  indNSed,  seem 
extraordinary,  that  the  strata  with  wfaicb  they  were  siinrounded, 
should  never  have  been  properly  examined  until  so  recent  a  period, 
as  the  early  part  of  the  present  century.  What  is  daily  before  our 
eyes  seldom  excites  attention,  or  is  deemed  deservmg  of  rooch  ix)- 
tice ;  but  there  was  another  cause  which  long  prevented  the  philoso- 
phers of  Paris  from  observing  the  remarkable  objects  around  them. 
Captivated  with  the  generalizations  of  Werner, '  who,'  it  was  fimalf 
believed,  had  i}Ak)cked  all  the  hidden  mysteries  of  geology,  and  com- 
prised in  his  system  ^11  the  different  formations  that  composed  the 
crust  of  the  globe,  they  saw  before  them  a  series  of  strata  which  bad 
no  agreemeBt  with  any  part  of  the  Wernerian  classification  }  hence, 
Aey  could  not  avoid  the  painful  persuasidn,  either  that  the  system  of 
Werner  was  incomplete,  or  that  they  were  unable  to  apply  it  prop- 
erly. To  avoid  an  acknowledgment  so  little  satisfactory,  the  geolo- 
^sts  of  Paris  averted  their  attention,  and  that  of  their  pupils,  from 
nearer  objects,  and  directed  them  to  the  mountains  of  Germany  or 
Switzerland.  Had  not  another  scjence  (comparative  anatomy)  come 
to  the  aid  of  geology,-we  might  yet  have  remained  uhacquaitrted  with 
the  tertiary  strata  around  Paris.  At  length,  the,  number  of  skeletons 
of  strange  and  unknown  'animals  discovered  in  some  of  the  strata, 
forcibly  attracted  the  notice  of  that  distinguished  naturalist,  CuTier, 
and  it  was  resolved  to  investigate  attentively  the  geology  of  the  whole 
dSstrio^.  M.  A.  Brongniart  was  associated  with  Covier  in  the  ioves- 
tigatiod;'  and  in  1811  the  result  of  their  labours  and  observation's  was 
given,  ID  a  work  entitled  Estatsur  la  Geographie  Mineralogxqve  its 
Environs  de  Paris, — the  most  luminous  and  interesting  exposition  of 
k)caF  geology  ever  presented  to  the  world;  and  from  this  period  we 
may  date  the  first  accurate  knowledge  of  the  tertiary  strata.' 

The  following  extract  from  the  Essay  of  MM.  Cuvier  and  Brong- 
niart, presents  a  general  view  of  the  arrangement  of  the  strata  round 
Paris : — 

"  The  country  in  whjch  the  capital  of  France  is  situated,  is  per- 
haps the  most  remarkable  that  has  yet  been  observed,  both  from  the 
succession  of  difierent  spils  of  which  it  is  formed,  and  from  the  ex- 
traordinary organic  remains  which  it  contains.  Millions  of  marine 
shells,  which  alternate  regularly  with  freshwater  shells,  compose  the 
principal  mass.  Bones  of  land  animals,  of  which  the  genera  are 
entirely  unknown,  are  found  in  certain  pans ;  other  bones  remark- 
able for  their  vast  size,  and  of  which  some  of  similar  genera  [guelquti 
cangeneret)  exist  only  in  distant  Countries,  are  found  scattered  Id  the 
upper  beds.    A  mairked  character  of  a  great  irruptiou  from  the 
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south-eftst  13  imprefised  on  the  summits  {caps)^  and  in  the  direction  of 
the  priocipal  hills.  Id  one  word,  do  country  can  afford  more  instruc* 
tioD  respecting  the  last  revolutions,  which  have  terminated  the  for- 
mation of  the  present  continents/* 

Though  chalk  10  the  foundation  rock  of  the  country^  for  a  consid* 
erable  extent  round  Paris,  being  covered  by  tertiary  strata,  it  rises 
to  the  surface  only  in  a  few  situations.  The  total  thickness  of  the 
tertiary  strata  over  the  chalk,  as  given  in  an  ideal  section  of  the  coun- 
try, is  nearly  five  hundred  feet.* 

Many  of  the  tertiary  beds  in  the  Paris  basii|  are  not  found  else* 
where,  and  therefore  cannot  be  taken  as  types  of  other  tertiary  for- 
mations ;  and  the  lower  bed,  caHed  the  plastic  clay,  is  but  very  im* 
perfdcdy  developed  near  PaNS.  In  attempting  to  generalise  the  ter^ 
tiary  formations,  a  difficulty  presents  itself,  if  we  are  to  class  them  by 
their  wobgicai  characters ;  for  some  pf  the  formations,  which  in  cer* 
tain  situations,  contain,  exclusively,  the  remains  of  marine  aniiiM]% 
present,  in  other  places,  river  or  lake  shells^  with  wood  and  the  bones 
of  land  animab.  It  is,  tl^erefore,  probable,  that  while  the  waters  in 
one  lake  or  basin  might  be  saline,  those  in  another  lake  might  be 
fresh;  and  two  cotemporabeous  formations  may  hence  contain  very 
different  organic  remains. 

The  tertiary  strata  in  England  and  in  tiie.  north  of  France,  may 
be  arranged  under  four  divisions,  which  fire  given  below :  after  de- 
scribing these,  the  more  recent  tertiary  strata,  cafled  by  some  Freooii 
geobgists  Quaternary,  will  be  noticed  in  the  folk)wing  Chapter. 

« 

TERTIARY   FORMATIONS. 

,    .  «f   •     n  J    '  ( Son^etimes  intermixed    with 

1.  Lower  Marme  Beds.       -         J     freshwater  beds. 

a  Argillaceous  and  Sandy  ^^'[ArgUelet  Oris  ieriUires  ,i  %- 
posits.  Plastic  Clay,  Sand,  >     »^^  . '  .   ^ 

London  Clay  ) 

b  Lower  Marine  Limestone         Cakaire  groaier* 


•  The  foUowiDje  ascendin;  series  of  beds  of  the  Paris  basin  ^as  first  given  as  a 
correct  sccdont  of  their  succession :  more  extended  observations  have  proved  that 
the  poaitioQ  Of  No.  3,  ^  or  the  Calcaire  siliceoz,  is  higher  in  the  series. 

I.  Plastic  Clay^nd  Lower  Sand. 

8.  Calcaire  grossier. 

3.  Calcaire  siliceoz  and  Sandstone. . 

4.  GjTpseoos  Marl, 
(^paeons  with  Bones. 
Upper  gypseoos  Marl. 

5.  Sandstone  and  Sand  without  Shells. 
Ujmer  Marine  Sandstone. 
Nuflstone  without  Shells. 

€.  Freshwater  Limestone,  including  Marls,  and  Millstone,  with  freshwater 

Shells. 
7.  Alluvial  Soil,  ancient  and  modem,  ineludingPebblea,  Pudd^g-stone,  Black 

Eaillk  Qis  ma/ma  argiUeuas  ncirtt)^'  and  Peat 
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3   Lower  Freshwater  Beds  f  Sometimes  intertnixed  with  Ma- 

(^      nne. 

a  Marl. 

h  Gypsum. 
3.  Upper  Ma/ine  Formation.  • 

a  Saddy  Sandstone  and  MiHstone  without  Shells. 

h  Sandstone  with  Shells.  ' 

4*  Upper  Freshwater  Formatioiu 

6  SiSs"  Millstone     "-     ]  With  freshwater  Shells. 

* 

Tho  lertiary  strata  supposed  to  be  more.recent,  and  called  Qua* 
ternary,  are  nowhere  observed  covering  tb^  above  forniations,  be- 
cause they  were  deposited  in  detached  seas  or  lakes :  the  evidence 
of  these  being  more  recent  than  the  strata  in  the  Paris  and  Londoo 
basins,  rests  on  the  opinion,  that  the  species  of  shells  which  they  coo* 
tain,  are,  in  a  large  proportion,  analogous  to  existing  species. 

Plastic  Clay,  and  London  Clay, — ^Tliese,  v^ith  the  various  asso- 
ciated beds  of  sand,  may  properly  be  regarded  as  one  formation,  of 
which  the  plastic  clay  is  the  lowest  member,  resting  on  chalk.  Near 
Paris,  the  plastic  clay  is  a  very  thin  bed  ;  but  in  the  south  of  France 
it  acquires  a  great  degree  of  thickness,  and  appears  to  comprise  tbe 
upper  argillaceous  be.ds,  or  what  we  call  tbe  London  clay  :  it  is  re 
markable  for  the  vegetable  fossils  and  beds  of  lignite,  which  it  fre- 
quently, but  not  ibvariably,  contains.  In  England,  in  the  lower  beds 
of  this  formation,  there  are  found  beds  of  imperfect  wood  coal;  but 
both  in  the  plastic  day  andtbfe  London  clay,  remains  of  marine  ani- 
mals are  chiefly  prevalent,  though  intermixed  with  some  freshwater 
shells ;  whereas,  on  the  Continent,  beside  the  great  quantities  of  fos- 
sil wood  and  wood,  coal  found  in  the  same  argillaceous  beds,  there 
are  numerous  remains  of  freshwater  shells,  which  render  their  title 
to  be  denominated  marine  formations  more  than  doubtful.  Tbe  beds 
of  sand  are  sometimes  of  considerable  thickness.  By  many  |^'^ 
gists  it  IS  maintained  that  the  beds  of  soft  sandstone  (called  .^oWi) 
and  of  sandstone  conglotnerate  (called  Nageljlue,  in  Switzerland,) 
belong  to  this  part  of  the  tertiary  formations.  That  some  of  these 
beds  may  be  tertiary  I  will  not  deny  ;  but  I  am  fully  con vineed,  that 
many  beds  called  molasse,  in  Savoy,  are  covered  by  the  Jiira  lime- 
stone and  oolites,  having  repeatedly  seen  them  in  contact^  and  got 
specimens  from  each  bed  at  the  line  of  junction.* 


*  As  tbe  oj3ii)ioD8  of  geolosrisfs  have  l>e€D  maph  divided  respecting  the  molase, 
or  soft  sandstone,  of  Switzerland  and  Savoy,  I  shall  here  insert  some  obserTatioDS 
apoQ  il,  given  in  the  first  volume  of  my  Travels  in  the  Tarentaise. 
^  *'  The  odter'ea)careoQs  raonn tains  on  the  western  side  of  Savoy,  aU  rest  npon  a& 
immense  formation  of  soft  sandstone  (molasse,)  and  are  interstratified  with  it; 
and,  so  fu  from  this  sandstone  being  more  recent  than  tbe  limestone  (as  Saossive 
siippoaed,)  it  constitutes  a  considerable  pan  pf  the  bulk  of  these  noontaiasihat  ^ 
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The  bones  of  horses^  with  the  tooth  of  an  elephant,  b^ye  been 
found  in  a  bed  of  unctuous  clay,  resting  on  chalk,  near  Margate; 
but  as  the  clay  is  superficial,  It  may  be  a  diluvial  formation. 

In  France,  near  d'Aufeuil,  and  south  of  the  Dordocne,  according 
to  Humboldt,  bones  of  vertebraced  land  animals  ate  found  in  a  for* 
mation  resting  on  chalk,  analogous  to  the  plastic  day.  Baron  Cu» 
vier  says,  however,  that  he  has  not  discovered  the  bones  of  land 
quadrupeds,  in  any  strata  below  the  ealcaire  grouier^  which  covers 
the  plastic  clay.  But,  neither  the  plastic  clay  nor  the  gypsum  beds 
of  Paris  can  be  taken  as  types  of  the  tertiary  strata  in  other  comitries* 

The  Lfondon  clay  is  placed  over  the  plastic  clay  and  sand,  and  is, 
in  fact,  an  upper  member  of  the  great  arenaceous  and  argillaceous 
formation  that  covers  chalk.  Some  geologists  attempt  to  identify  the 
Loudon  clay  with  the  beds  of  ealcaire  grossi^r,  ana  of  gypsum^  in 
the  Fsiris  basin,  but  their  mineral  characters  are  most  essentially  dif- 
ferent. By  attempting  to  force  an  agreement  with  artificial  classafi-' 
cations,  where  it  does  not  exist,  We  mystify  what  fs  clear  and  siroidei 
and  retard  the  progress  of  knowledge. 

The  Uppermost  bed  of  the  London  clay  is  of  a  reddish  brown  coK» 
oar,  and  is  more  arenaceous  than  the  lower  beds  :  tbe*coloor  of  the 
lower  beds  varies  from  a  bluish  lead  colour,  to  a  blackish  brown ; 
they  are  often  considerably  indurated,  and  have  somewhat  of  a  slaty 
structure.  The  thickness  of  the  London  clay  varies  from  one  bun* 
dred  to  four  hundred  feet  or  more :  this  variable  thickness  is  occa- 


called  calcafeoos.  In  the  Valley  of  les  Echell^  the  immediate  junction  of  tfa^  • 
limestooe  with  the  sandstone  may  be  seen,  soon  after  entering  the  valley  form  the 
archway.  This  vast  wall  of  limestone,  nearly  one  thousand  feet  in  thickness,  rests 
upon  a  mass  of  sandstone  of  unknown  depth:  there  is  very  Uule  dip,  where  the 
first  jimctioD  is  seen,  bat  about  a  n^ile  beloi^,  yon  meet  with  the  limestone  agaiti  ia 
coDJunclion  with  the  sandstone,  and  thrown  into  a  vertical  position.  The  work- 
men whom  I  met  with,  near  the  mouth  of  thd  gallery,  said  they  always  found  sand- 
stone below  the  limestone,  and-they  considered  it  as  the  lowest  bed  m  the  country : 
but  this  is  obviopsly  a  mistake.  The  sandstone,  or  molasse,  on  Which  the  lime- 
stone in  this  part  of  Savoy  reposes,  or  which  is  subordinate  to  the  limestone,  is 
composed  of  smallish  e rains  of  quartz  and  chbrite,  pretty  eoually  mixed. ,  la  the 
sanostone  of  les  Echelles,  which  I  got  from  its  junction  witn  the  limeston.e,  there 
were  some  particles  of  rose  quartz  and  mica.  It  scratched  elass,  strongly,  when 
rubbed  upon  it ;  but  wbei)  put  into  a  dilute  muriatiracid',  it  emrvesced.  violently, 
and  became  friable,  owing  to  the  solution  of  the  calcareous  cement  by- which  it  ap- 
pears, from  this  experiment,  to  be  agglutinated.  The  molasse,  which  is  inter- 
stratified  with  limestone  a&a  associated  with  coal  on  the  lake  of  Anjiecy,  also  ef- 
fervesced ;  bat,  the  particles  being  smaller,  itappeare*d  nearly  homogeneous,  When 
examined  without  a  lens.  It  has  been  ret^nily  stated,,  that  the  molasse  of  the  Alps 
belongs  to  the  same. formation,  as  the  sandstone  above  chalk  near  Paris, '  Inhere 
may  be  sandstone  of  that  formation  in  the  canton  of  Berne;  but  the  molasse  or 
sandstone  in  this  part  of  Savo}r,  I  am  well  convinced,  is  a  memt)er  of  formations 
that  are  lower  than  chalk.  It  is  possible^  however,  that  beds  of  this  molasse  may 
have  b^en  worn  down,  during  the  ^reat  destruction  of  the  strata,  that  has  evidently 
taken  place  since  they  were  deposited,  and  from'the  debris  of  this  sandstone,  upper 
beds  may  have  been  formed  covering  strata  that  are  above  ^halk.  The  ikiolasse 
which  covers  the  bones  and  teeth  of  the  mastodon  aad. other  large  mamipaiia, 
near  Alpnaeh,  nearly  resembles  that  in  thisjpart  of  Savoy;  but  the 'particles  are 
smaller,  and  more  intimately  mixed."— P.  }76. 


232  THE   TUUE   or  THAXSS. 

aioned  by.  the  upper  beds  whtcb  form  the  surface  of  the  ]tod  in  tbe 
Vale  of  Thames  haviog  been  more  exeavated  in  some  parts  thao  in 
others. 

As  tbe  London  clay  and  plastic  clay  .and  i^and,  taken  together, 
equal  or  exceed  in  thickness  .the  beds  of  plastic  clay,  calcaire  grqs- 
aier,  and  gypsum  in  ahe  Paris  basin,  the  London  clay  may  properly 
be  regarded  not  as  identical  widi  the  calcaire  greasier  and  gypsum, 
but  as  their  geological  equivalent*  While  the  beds  of  limestone  and 
gypsum  were  depositing  in  the  Paris  basin,  tbe  London  clay  might 
be  jdejx)8ited  in  the. London  basin ;  and  this  may  explain  why  many 
species  of  marine  shells  in  the  London  clay  are  similar  to  those  found 
in  the  calcaire  grassier )  but  we  nowhere  discover  the  astonishing  va- 
riety of  species  that  occur  in.  some  of  the  strata  of  the  calcaire. gros- 
aier.;  nor  have  any  bones  of  land  quadrupeds,  similar  to  those,  in  tbe 
Paris  basin,  beep  found  in  the  London  clay.  The  two  sides  of  the 
trough  or  basin  in  wbich  the  London  clay  and  plastic  clay  were  de* 
posited,  are  formed  on  the  north,  by  tbe  range  of  chalk  hills  in  Hert* 
foridshire  and  tbe  adjacent  counties,  and  on  the  south,  by  tbe  range 
of  cbalk  hills  invSurrey  and  Kent.    «. 

Tbe.reiative  geobgical  position  of  the  chalk,  the  plastic  clay  and 
Modjimmediatelv  upon  it,  and  the  upper  beds  of  London  clay  cov- 
ering  the  Vale  or  Thames,  t^  represented  in  a  small  section'  at  tbe 
bottom  of  the  map  of  England*  (Plate  VI.)  In  some  parts  of  tbe 
Vale  of  Thames,  as  at  Hampstead,  north  of  London,  and  near  Cob- 
bam  i^n  Surrey,  the  London  clay  rises  into  hills,  three  hundred  feet 
above  tbe  Vale  of  Thames,  and  is  capped  by  a  bed  of  sand,  wfaicb 
faas  received  tbe  name  of  the  upper  marine  sand-  a^  a,  cbalk,  b,  6, 
plastic  clay,  c,  c,  London  clay,  d^  cf,  marine  sand.  From  ibis  small 
section,  the  geological  student  may  form  some  idisa  of  tb^  devastating 
effects  of  mighty  inubdatbns^  which  have  swept  over  the  surface  of 
the  globe,^  and  carried  away  considerable  portions  of  the  upper  beds. 
The  marine  sand,  J,  cf,  which  forms  isolated  caps  on  several  of  the 
bills  in  the  Vale  of  Thames,  was  probably  part  of  one  continuous 
bed,  ivhich  has  been  excavated  with  a  portion  of  the  subjacent  Lon- 
don clay ;  such  excavations  and  denudations  are  common  pbenome- 
oa  in  almost  every  country. 

Balls  of  imperfect  ironstone,  called  teptaria^  (of  which  Parker's 
cement  \i  made,)  are  common  in  some  parts  of  the  London  clay ; 
branches  And  steals  of  trees,  penetrated  by  tbe  Teredo  navaltSf  are 
foui^  ID  it,  arid  a  species  of  resin,  to  which  the  name  of  reiifuu^ud' 
tuik  was  given  by  Mr.  Hatcbett.  Remains  of  turtles  bavfe  been  dug 
Out  of  this  clay  at  Highgate  and  Islington.  Some  bones  of,  a  croco- 
dile were  discovered  by  Mr..  Parkinson,  wfa6  considers  this  as  a  soli- 
tary, instance  of  the  occifrrence  of  tbe  remains  of  these  animals  in  the 
LoodoncJay.    In  1830,  the  head  of  a  crocodile  was  found  by  £« 
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Spencer,  Esq.  of  High^te,  id  dw  London  city  in  tb«  Ub  of  Sbep- 
pey ,  of  which  the  inDexeit  cuts  give  a  coire^  repreienuiion.    Tlw 


&nt  is  tn  ouiline,  being  •  side  viev  of  ihe  upper  jaw  ind  leeili.  TV 
second  represeou  b  front  view  of  iba  bead,  with  the  Iwo  unall  cbvi-- 


lies  for  tlie  lobes  of  the  brain^  and  the  larger  cavities  for  the  orbits  of 
itie  eyes.  The  length  of  the  head,  when  eniire,  and  cidihed  with 
scales 'and  muscles,  must  have  been  about  one  foof;  hence  we  may 
infer,  that  the  enure  length  of  the  animul  was  about  six  feet.  Wheth- 
er (bis  was  the  head  of  a  young  animal,  or  of  aa  adult  of  a  small  spe- 
cies, cannot,  perhaps,  be  determined.  ,From  the  rare  occurrence  of 
the  bones  of  saurian  animals  in  the  tertiary  strata,  we  may  infer  tha) 
these  animals  whose  remains  are  so  abimdani,  and  of  suob  large  mag- 
nitude, in  the  secondary  strata,  had  nearly  disappeared  in  noribera 
latitudes,  at  the  epoch  when  the  tertiary  strata  were  deposited. 

The  teeth  and  tusks  of  elephants  base  been  discovered  in  many 
shuatiom,  in  what  is  supposed  to  have  been  London  clay,'  but  whica 
may  have  been  a  covering  of  diluvial  clay ;  for  the  patches  of  dilu- 
vial gravel  that  are  spread  over  many  parts  of  the  Vale  of  Tbiimes, 
frequeolly  contain  the  remains  of  elephants.^   Amnioniies  and  belem- 
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Bites,  aod  many  genera  of  testaceous,  aniniab,  that  have  left  tfaekr  re- 
mains in  chalk  aod  the  lower  stratd,  appear  to  have  been  extinct  be- 
fore the  deposition  of  the  London  claj.  Nautilites  are  however, 
(buod  in  it,  similar  to  the  species  inhabiting  the  Indian  Ocean,  and  bi- 
▼alve  and  univalve  shells  are  so  numerous,  that  it  would-be  dbSBcuh  to 
select  any  particular  species,  as  peculiarly  characteristic  of  this  for^ 
mation.  The  shells  belong  mostly  to  genera  inhabiting  our  present 
seas ;  yet  slight  variations  of  form  may  be  perceived,  which  bare 
induced  naturalists  to  regard  them  as  .distinct  from  living  species. 

The  springs  that  rise  in  the  London  clay  are  generally  impregna- 
ted with  sulphate  of  iron  and  sulphate  of  lime,  and  some  of  the 
springs  contain  sulphate  of  magnesia ;  the  quality  of  the  watek',  how- 
ever, varies*  inucb  in  difierent  situations,  and  at  different  depths.  To 
obtain  soft  water,  it  is  necessary  to  bore  or  sink  through  the  Loodoo 
clay  to  the  sand  above  the  chalk,  and  sometimes  into  the  chalk  itself.* 
The  London  clay  and  the  under  beds  have  been  perforated  to  die 
d6pth  of  three  or  four  hundred  feet  in  some  situations,  before  good 
water  could  be  obtained ;  when  the  stratum  i^  piei*ced  whiph  holds 
the  best  water,  it  rises  almost  immediately,  and  sometimes. overflows 
the  surface.  This  admits  of  an  jeasy  explanation,  by  referring  to  the 
section  of  the  Vale  of  Thames.  (Plate  IV;}  The  water  which  en- 
ters the  edges  of  the  porous  strata,  say  at  x  x,  descends  to  the  low- 
est part  of  the .  trough  or  basin,  and  when  perforated  would  rise  to 
near  the  level  of  x  a?,  were  the  strata  deposited  in  a  circular  basm, 
the  etlges  of  which  rose  on'  each  side  from  the  Vale  of  Thames; 
but  ti?e  strata  are  deposited  in  a  longitudinal  basin  or  trough  between 
the  chalk  hills  of  Hertfordshire  arid  Surrey,  and  the  river  Thames 
cuts-through  the  porous  edges  of  the  strata  below  Greenwich;  so 
that  the  water  being  there  let  out,  can  seldom  rise  in  wells  much 
above  the  highwater  mark.  Were  it  not  for  this,  we  might  have  nat- 
\ijn\jett  feau  of  consi(lerable  height  and  ipagnitude  in  all  the  squares 
of  London,  to  cqoI  and  re-fresh  the  air  during  the  summer  months, 
and  supply  the  inhabitants  in  the  vicinity  with  salubrious  water.  In 
order  to  preserve  the  ^water  pure,  that  is  obtained  from  chalk  or  the 
sand  over  chalkj  }i  is  necessary  tp  line  the  inside  of  wells,  or  to  pOt 
down  tubes,  to  prevent  the  water  from  the  Lpodon  clay,  intermixiDg 
with  the  "pure  water  from  below. 


•  At  the  villkge  of  Wildseo,  three  tniles  north-west  of  London,  the  boring  ror 
water  was  made  two  hundred  and  eighty  feet  into  the  clay,  and  seventy-five  fw 
below  it  into  the  chalk,  when  the  water  immediately  rose  to  within  thirty-five  feet 
of  the.sorfiice.  .  Chalk  rocks,  and  oth^r  calcareous  rocks  in  which  the  strata  ^ 
divided  hy  fissures  that  are  not  filled  with  clay,  always  contain  water  in  the  bs- 
tpres  when  the  strata  dip  under  the  surface  of  the  ground,  or  when  they  areeor- 
ered  b/  argillaceous  beds.  This  is  also  the  case  with  coal  strata  ]  and  the  presence 
of  water  is  necessary  to  keep  the  coal  in  good  condition.  If  the  water  be  eotireiT 
drained  fh)m  a  bed  of  coal  a  considerable  time  before  it  is  worked;  the  qaahtj  oi 
Um  coal  is  much  deteriorated.  This  may  be  occasioned  by  air  penetrating  the  os- 
Bures,  and  promotiiig  the  decomposition  of  pyrites  in  thecoaL 


TOOTH  or   M   MUTODOR   III    WOOD    COAL.  tSft 

As  tbe  plastic  clay  and  London  clay  conlnin  wood-coat,  or  ligrriH, 
which  is  Supposed  lo  be  characteristic  of  ih»e  beds,  probably  (be 
ttrata  with  wood-coal  at  Alpnach  {xe  Ctntp.  VIII.),  may  be  regal- 
ed as  belon^ng  to  a  similar  epoch.  Some  French  geologists  wolikj 
place  these  strata  still  higher  in  the  tertiary  series.  The  strata  at 
Alpnach  are  peculiariy  remarkable  for  coDlaining  (be  remains  of  (he 
DBrrow-toOthed  mastodon,  and  of  other  mammalia,  at  the  depth  of 
neaHy  tbree  hundred  feet  from  the  surface.  The  annexed  cut  wta- 
kea  from  a  drawing  of  one  of  these  teeth  in  the  possession  of  ike 
late  Professor  Meisner,  of  Beroe,  who  also  gare  me  ipe^imeni  tiS 
the  Mrata  below  which  the  tooth  was  found.  > 

It  is  deserving  of  notice,  that  teeth  almost  exactly  wmiiar  wer« 
found  on  the  volcano  of  linbabiirra  in  the  Andes,  which  ii  ten  tt^ou- 
■aod  feet  above  tbe  level  of  the  sea.  I  have  one  toqih  Jn  my  possesr 
sion  from  thence,  purchased  at  the  sale  of  the  late  M.  Faujas  de  Sl 
Food,  of  which  tbe  aoDezed  cut  m&y  also  aerve  as  a  correct  np- 
reseDliiion. 


The  strata  at  Alpnach  cooaist  of  tbe  foUonjog  beds  in  iletcet>- 
dieg  tfiriet : — 

Feet;  Iccbe*. 

1.  light  grey  sandstone        -.        -        -'       24  0 

3.  Light  grey  limestone  like  Jura  limestone       S4  0 

3.  Different  beds  of  Molasse  or  soft  sandtone   327  0 

4.  Lighlgreysandstone  with  micBjiikeNo.  1.     ft  0 

5.  light  grey  argillaceous  limesloae                   I.  6 

6.  BiuimiMNu  ibal*  iq  layers          -        -        7  0 

29 
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Feet      loehct. 
7.  Stinkstooe,  a  bituminous  limestone  Priih  ^ 

bones  -and  river  shells,  the  roof  of  >  i.  to  2  feeu 

tbeooal        -        -        -        -  •  ) 

8*  Coal      -r        ...,.  0  6 

9.  Bitaminous  schist              -        -  .0  6  to  8  v 

10.  Coal      -        .-,.        .  3  6. 

11.  Bituminous  clajr       -        -        -  6  0 

12.  Molasse  and  sandstone      -        -  .  66  0 

The  bituminous  strata,  and  shaly  limestone,  possessed  all  the  char-* 
acters  of  jbeds  in  the  regular  coal  formations  in  England :  probablj, 
the  fetid  quality  of  the  limestone  No.  7,  was'  derived  from  the  abund- 
ance of  animal  matter  which  it  might  contain.  No.'  2.  is  subcrystal- 
line,  and,  in  its  mineral  characters,  bears  a  6ear  resemblance  ^  moan- 
tain  liniestone.  .       ' 

Above  the  London  clay,  there  i^  no  caldareous  formation,  except 
in  the  Isle  of  Wight,  but  in. the  Paris  basin  there  are  two;  of  which 
the  lowest  is  called  Cnlcaire  grassier. 

Le  calcaire  grgssier^  or  coarse  limestone  of  Paris,  is  deposited 
upon  the  plastic  clay^  as  the  latter  is.upon  the  subjacent  chalk:  be- 
tween the  plastic  clay,  however,  and  the  calcuire  grassier,  there  is  t 
bed  of  sand  5  h\fi  geologists  are  not  determined,  to  which  of  the  two 
formations  it  belongs.  The  calcaire  grosser  differs  ii^  Its  qualitjii 
the  different  beds,  but  it  moy  be  described  generally  a»a  yellowish 
^rthy  limestone,  which  hears  some  resemblance  to  Porilaild  stDoeia 
ks  fracture,  texture,  and  colour ;  but  it  is  not  oolitic*  The  straU  of 
limestone  alternate  with  argillaceous  marl  and  Shale;  and  with  calcare* 
otssjnarl. 

The'  lowest  bed  of  calcaire  grassier  is  soft^  a^nd  mucn  intermixed 
with  green  particles  and  sand ;  it  contains  a  great  number  of 'the  fos- 
sils ciilied  nummulites,  on  account  of  their  being  flat  and  round,  and 
resembling  in  shape  a  small  coin.  The  shells  in  ibis  bed  are  in  high 
preservation.;  In  the  beds  immediately^bove,  called  the  midd/e 
beds,  there  are  a  prodigt<^us  number  of  marine  shells,  and  also  the 
stems  and  impressions  of  leaves  of  plants  that  are  not  marine.  Id 
the  lowest  and  middle  of  the  CA/catre  grassier,  no. less  thaA  six  hun- 
dred different  species  of  shells  are  found. 

In  the  upper  part  of  the  calcaire  grassier,  the  strata^  are  several 
feet  thick,  and  yield  a  hard  coarse-grained  and  durable  limestone: 
it  is  from  these  strata  that  the  best  building-stone  is  procured.  It 
is  often  nearly  filled  with  shells  of  the  genus  cerithium,  and  has  hence 
been  sometimes  cdlled  calcaire  a  cerites, 

.  Between  the  strata  of  buHding-stone,  there  often  occur  thin  strlta 
of  flint  or  chert ;  in  spme  part^  these  siliceous  strata  enlarge  Hits 
thick  beds  of  chert,  {sxlex  carnt^  or  into  bed^  of  sandstone  contain- 
ing marihe  shells;  in  the  beds  ol  this  sandstoge,  at  Pierrelaie,  fresh* 
water  shells  baye  been  discovered,  mixed  With  numeroos  marine 


i_ 


ClLCAlSE  •8ILICEUX. — PA&IS   OTPJBPK,  227 

sheik.  The  total  thickness  of  the  beds  of  ealcaire  groaierf  near 
Paris,  is  about  ninety  Yeet. ' 

Na  beds  of  limestone  resembling  Uie  ealcaire  groaUr  of  Parisi 
are  found  in  the  tertiary  strata  of  England.  .  The  cakaire  gn>mer 
in  the  departments  of  La  Dordogne  and  La  Gironde,  and  other  parts 
of  France,  presents  a  considerable  difference  from  that  in  the  Paris 
basin.  In  Hungary,  extensive  strata  of4he  aJeaire  groaier  have 
been  described  by  M.  Beudaint ;  they  are,  in  every  respect,  analo 
gous  to  the  strata  in  the  Paris  basin,  both  in  their  mineral  and  coolo- 
gical  character^.  The  .lower  beds  also  are  intermixed  with  sbelly 
sand,  and  green  particles,  which  bear  a  close  resenbblance  to  the 
shelly  deposKions  in  the  plain  of  Ldmbardy.  M.  Humboldt  thinks 
be  discovered,  in  some  parts  of  South  America,  a  formation  similar 
to  tbe  ealeaire  grassier,  .  .       ; 

Cdkaire  siliceux  is  composed  of  limestone,,  sometimes  grey  and 
compact,  and  sometimes  tender  and  white :  it  is  penetrated  by  silex 
iae?ery  direction,  and  in  all  its  parts.  According  to  the  early  opin- 
ion of  M.  Brongniart,  the  cakaire  siliceux  occupies  tbe  place  of  tlie 
cakaire  grossier  where  the  latter  is  wanting ;  others  regard  it  as  an 
upper  formation  above  the  middle  gypsum.  Soro^  of  the  beds  of 
tbe  cakaire  siliceux  furnish  miil-stoties,  and  contain  river  shells.  In 
this  bed,  the  silicate  of  magnesia  was  discovered  by  M.  Brongniart. 
The  siliceous  infiltrations  sometimes  form  plates  of  chalcedony,  end 
mammillated  concretions  of  cbaltiedonic  chert,  coloured  red,  violett 
and  brown.     . 

Oypseaus  Marl  and  Gfypttim.— This  remarkable  formation  occurs 
in  detached  hills  along  tbe  course  of  the  rivers  Marne  and  the  Seine; 
it  is  supposed  to  have  extended  originally  as.  dne  continuous  bed 
from. east  to  west,  twenty  five  (eaguesin  length  and  eight  in  breadth: 
its  greatest  thipkness  is  about  two  hundred  feet. 

The  gypsum  formation  consists  of  afternating  beds  of  gypsum  and 
argillaceous  and  cakareous  marl,  which  are  regularly  arranged,  and 
presehre  the  same  order  of  succession  wherever  they  have  been  ex- 
amined.  The  gypsuiti  Terms  three  distinct  msises.  The  lowest 
consists  of  thin  strata  of  gypsum,  containing  crystals  of  selenite; 
which*  alternate  with  strata  of  solid  calcareous  marl,  and  with  argil- 
laceous  sbale.  The  middle  is  like  the  lowest  mass,  except  that  ihe 
strata  of  gypsum  are  thicker,  and  the  beds  of  marl  are  not  so  pu- 
merous ;  it  is  chiefly  in  this  mass  that  fossil  fish  are  foundl  The 
uppermost  mass  is  the  most  remarkable  and  important  of  all;  it  is 
in  some  parts  more  than  seventy  feet  thick;  there  are  but  few  beds 
of  marl  in  it;  the  lower  strata  of  gypsum  in  this  mass  have  a. co- 
lumnar struct^ire :  the  gypsum  is.  pure;  and  finely  granular ;  i.t  has  a 
light  yellowish  brown  colour,  which  might  perhaps  more  properly  be 
called  a  dirty  white.  In  this  upper  mass  of  gypsum,  the  skeletons 
and  scattered  bones  of  birds  und  unknown  quadrupeds  are  discov- 
ered; sometimes,  they  are  found  ip  tbe  solid  gypsum,  and  some- 
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limes  in  tbe  marl  that  separates  the  beds.  Remains  of  iurtles  and 
crocodiles  have  also  been  found  in  tbe  same  stPata.  It  is  to  the  iih 
defaligable  and  enlightened  labours  of  Baron  Cqvier  thai  we  are  io- 
debced  for  a  knowledge  of  the  diflfere^t  genera  of  remarkabte  land 
quadrupeds,  belonging  to  a  former  world,  found  in  the  gypsu^i  quai^ 
ries ;  tbey  diffi^  from,  any  genera  of  living  animals;  These  land 
quadrupeds  were  herbivoroi^s ;  they  belong  to  the  order  Which  Cu- 
Tier  bas<  denominated  Pachydermatay  pr  thick-skinned  non-rumioaot 
animals.  One  of  the  genera  called  PaHaotherium^  \or  ancient  aai- 
nial,*)  appears  to  bear  som^  relation  tq  the 'rhinoceros,  the  hippopota- 
mus, and  horse,  and  \t  some  respects  to  the  pfg  and  the  camel. 

Qf  this  genus  there  are  eleven  or  twelve  species; 'five  of  th.em 
tiaye  been  found  in  th6  Paris  gypsum.  The  largest  was  of  the  size 
of  a  horse,  but  its  form  was  heavy,  and  its  Jegs  were  thick  and  ahort; 
its  grinders  resemble  those  of  the  rhinoceros  and'  the  daman;*  it 
bad  siK  incisive,  and  two  canine  teeth,  like  the  tapir,  and,  like  that 
animal,  had  a  short  fleshy  trunk :  it  had  ^hree  toes  on  each  foot,  aod 
is  supposed  to  have'  inhabited  marshy. ground,  and  to  have  lived  oo 
the  roots  and  stems  of  succulent  marsh  plants.  OnC'cf  tbe  species 
however,  possessed  the  size  and  tbe  light  figure  of  the  Antelope,  and 
is  supposed,  like  other  light  herbivorous  animals,  to  have  browsed, 
io  dry  Mtuations,  oo  aromatic  plaints,  or  tbe  buds  of  young  trees. 
Probably,  says  Cuvier,  it  was  a  timid  animal,  with  large  mo^ble 
6ar9,  like  those  of  the  deer,  which  could  apprise  it  of  the  lebafdan" 
ger:  doubtless  its  skin  was  covered  with  short  hair;  and  wewaot 
lo  know  opiy  its  colour,  in  order  to  paint  it,  as  it  formerly  lived  in. 
thto  country  where,  after  so  many  ages,-  its  bones  have  beep  dug  op. 
One  speeies  of  the  palaotherium  was  not  larger  than  a  baret 
The  wflnop/o^Aenvm, , or  animal  without  defensive*  teetb,  has  bees 
fotmd  only  in  the  gypsum  quarries  near  Paris.-  Itthas  two yerj  Jis* 
tioetive  characters :  the  feet  have  only  two  toes,  which  are  separated 
Che  whole  length  pf  the  foot ;  the  teeth,  of  which  there  are  sn  inci- 
«ive  10  each  jaw,  a  canine  tooth  of  the  same  height,  and  six  molarei 
or  grinders,  all'  form  a  continued  scries  without  any  interval,  wbicb 
is  the  case  with  no  other  known  quadrupeds  The  most  common 
Bt>ecies  is  of  the  height  of  a  boar,'  but  much  longer.N  '  In  the  same 
4)uarries,  there  are  ren;iains  of  other  animals,  allied  to  the  aooplo- 
theriufn*,  but  which  differ  in  the  form  of  their  teetb.  In  these  qua^ 
ries,  ^he  bones  of  six  species  of  birdd  have  been  discovered,  and 
also  the  Remains  of  a  few  carnivorous  animals,  allied  to  the  dog  and 
the  weasel.  It  is  remarkable,  that  in  the  middle  of  the  gypsuin  fo^ 
mation,  and  throughout  the  greater  part  of  it,  we  find  the  remaioa  of 
bnd' animals  and  of  fresh- water  fish  and  shells;  but  near  hs  upper 
•od  lower  Jimits,  both  in  the  gypsum  and  the  gypseous  maH,  the  fos* 


*  An  African  qnadrapedi  of  the  size  of  a  rabbiti  but  c\oa^]j  resembliof  uie 
rUaoceros.    i  ' 


DMCoTsaiBS  or  oyriBB.  SSft 

sifar  are  those  of  marine  aliknals*  A  bed  of  green  mar),  whiob  may 
be  very  distinctly  traced  near  the  termination  of  the  upper  mass  of 
grpsum,  separates  the*  fresh -water  from  .the  sea  shells ;  and  in  the 
lower  part  of  the  gypsum  .(brmation,  marine  shells  are  found  in  the 
grpsum  itself. 

It  may  be  useful  to  those  strangers  who  visit  Montmartre  for  the 
first  time,  to  state,  that  this  thin  ^reen  bed,  which-  can  be  distinctly 
seen  apd  traced,  m^ay  ser^e  them  as  a  key  to  the  geology  of  the 
phice;  as  it  separates,  all  the  lower  marine  lindfresb-wa^er  forma* 
tions  (com  the  upper. 

The  gypsum  of  the  Paris  basin  was  probably  deposited  in  an  ex* 
tensive  hke,  ou  the  borders  of  which  the  land  animals,  whose  re* 
mains  are  discovered  in  it,  flourished  and  perished.  Some  of  tbetn 
appear  to  be  formed  for  swimming,  or  living  much  in  the  water,  like 
the  otter  or  water  rat.  Whether  the  water  in  this  lake  was  sah  or 
fresh,  is  by  no  means  certain ;  thotigh  Mi  Brongniar^  thinks  that  k 
single. fresh-water  shell  found  in  the  gypsum  would  decide  the  qoes* 
tion :  hot  this  opinion,  however  high  the  authority  of  so  distiagui^hed 
a  aaturalist  and  geologic  may  be,  cannot,  I  conceive,  be  maintained  ( 
for,  in  some  of  the  b^ds,  we  meet  whb  a  mixture  of  marine  and 
freshwater  shells, — and  in  this  case  who  shall  determine,  whetbel* 
such  beds  are  of  marine  or  freshwater  origin  ?  The  intermixture  of 
shells  clearly  sbows^  that  they  have  beeq  transported  from  their  native 
situations,  .or  if  the  'water  he  brackish,  that  marino  and  freshwater 
iDollusea  may  live  in  the  same  estuary  or  Ijske,'  which  is  confirnted 
by  recent  observations  and  experiitients. 

The  fossil  bones  (bund  in  'the  gypsum  quarries  near  Paris  are  light 
and- porous,  and  appear  to  have  been. scarcely  penetrated  by  g)*psum :' 
this  is  very  remarkable ;  for  if  we  suppose  the  gypsum  to  have/been 
held  in  eototion  by  water,  like  the  sulphate  of  lime  in  recent  sprmgs, 
it  seea)s  extraordinary  that  it  should  i^ot  have  penetrated  into  the 

Eores-iof  the  bbnjss.  I  am-  not  a^are  (hat  thd  circumstance,  has  be- 
jre  been  noticed  by  geologists,  but  I  think  the  state  of  the'  bones 
proves^  that  they  were  rapidly  enveloped  by  the  gypsum,  befOre>the 
aoitnal  matter  in  the  pores  was  decomposed ;  and  alsoj  that  the  gyp*- 
sum  was  speedily  consolidated.  The  same  observation  would  ipply 
to  %M  booes  of  ladd  animals  which  I  found  in'tfae  freshwater  hme* 
stone,  under  the  volcanic  mountain  of  Gergovia,  in  Auvergne ;  ihe 
stale  of  thesebones  was' similar  to  those  in  the  Parts  gypsum,    ' 

Baron  Cuvierwas  the  firist  naturalist  who  successfully  applied  the 
knowledge  of  comparative  anatomy,  to  asdertaio  the  forms  of  verte- 
brated  fossil  animals.  The  publication  of  bis  Redierehes  iurki  Of* 
9ement  FoaiUs  may  be  regarded  as  an  epoch  in  geology.;  j^ince-that 
time,  naany  other  importitnt  discoveries  respecting  fossil  quadrupe(is» 
have  been  made.  It  will  no^,  therefore,  be  deemed,  irrelevant  to  our 
subject,  to  insert  the  very  ii^terestiog  accotmt  he  has  given  of  his  own 
feeliogs  when  be  irst  became  ablr  to  arrange  tbe  bones  of  each  go* 
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DU8  and  species  of  unknown  anigials,  (bund  in  the  gyjmm  quarri^ 
pear  Paris : — "  When  the  sight  of  some  bones  of  the  bear  aad  tbe 
elephant,  twelve  years  ago,  inspired  me  with  the  idea  of  applying  tbe 
general  laws  of  comparative  anatomy,  to  tbe  reconstruction  and  the 
discovery  of  fossil  species ;  when  I  began  to  perceive  that  diese  spe- 
cies were  not  perfectly  represented  by  those  of  pur  day,  which  re- 
sembled them  the  most; — I  did  not  suspect  that  I  was  every  daj 
treading  upon  a  s6il,  filled  with  remains  more  extraordinary  than  wj 
that  I  had  yet  seen ;  nor  that  I  was  destined  to  bring  to  light  whole 
genera  of  animals  unknown  to  the  present  world,  and  buried  for  io- 
calculable  ages  at  vast  depths  under  the  earth.  It  was  to  M.  Veurin 
that  I  owe  the  fir^t  indications  of  these  bones  furnished  by  our  quar- 
ries: some  fragments  yvhich  he  brought  me  one  day, '  having  struck 
me  with ,  astonishment,  I  made  enquiries  respecting  the  persoos  to 
whom  this  industrious  collector  had  sent,  any  formjerly:  whatlsiv 
ioi  these  collections  served  to, excite  my  hopes  and  increase  hiyco- 
ripsity.  Causing  search  to  be  made  at  that  time  for  such  bones  is 
aU  quarries,  and  offering  rewards  to-aropse  the  attention  of  the  work- 
men, I  collected  a  gcieater  number  than  any  penon  who  had  pre- 
ceded me.  After  some  years  I  was  sufficiently  rich  in  materials  lo 
have  nothing  further  )o  desire ;  but  it  was  otherwise  with  respect  to 
their  arrangement  and  tbe  constructbn  of  tbe  skeletons,  which  alone 
oould  conduct  me  to  a  just  knowledge  of  the  species.  From  tbe 
first  .moment,  I  perceived  that  there  were  many  different  species  io 
4>ur  qnarries.;  and  soon  afterwards,  that  they  belonged  to  various  ge- 
nera, and  that  the  species  of  the  different  eenera  were  often  of  rbe 
same  size ;  so  that  the  sis^e  alone  rather  coniused  than  assis^d  ^)Ja^ 
rangement.  I  was  in  the  situation*  of  a  man  who  had  given  to  himt 
file  vUUf  the  nuitilated  and  incomplete  fragments  of  a  huntired 
skeletons,  belonging*  to  twenty  sorts  of  animals,  and  it  was  required 
that  each  bone  should  be  joined  to  that  which  it  belonged  to.  It  was 
a  resurrection  in  miniature  ;^  but  the  immutable-  laws  prescribed  to  liv- 
ing* beings  were  my  directors.^  At  the  voice  of  comparative  anato- 
my, each  bone,  each. fragment,  regained  its  place.    I  have  no  ex- 


*  In  the  ibllowinff  passage  Covi^r  has  more  folly  ezplaiaed  what  he  deDomi* 
n%tes  "  the  immntahle  laws  prescribed  to  living  beings  r—*'  Every  organized  b^ 
lug  forms  a  whole  and  entire  system,  of  which  all  the  parts  mataally  corre^na 
end  co-operate,  to  prodace  the'  same  definite  action,  ij  a  reciprocal  re-actioo; 
none  of  these  parts  con  change,  without  a  change  of  the  others  also.  Thus,  if  tbe 
intestines  of  an  animal  are  oreabized'in  a  mantaer  only  to  digest  fresh  flesh,  it  is 
necesifiary  that  his'  jaws  shoald  be  constmcted  to  devoor  the  prey,  bis  clavs  to 
■ebe  ana  tear  it,  hia  teeth  to  divide  the  flesh,  and  the  whole  system  of  bis  organ 
of  motion  to  follow  and  overtake  it,  and  of  his  organs  of  sense,  to  perceive  it  &t 
a  distance.  It  Is  neceteary,  also,  that  he  should  have  seated  in  his  oraio  Ibe  in* 
itinet  to  hide  himself  and  spread  snares  for  his  victim :  such  are  the  general  cm- 
ditions  of  a  carnivorous  r^imen>j  every  carnivorous-  animal  mast  infailibiy 
unite  them, — without  them  the  species  could  not  subsist.  But,  under  ihesfrgen- 
eral  conditions,  there  are  particular  ones  with  respect  to  Che  size  of  the  species, 
and  the  abode  of  the  pwXi  for  which  eaich  animal  is  diq>ond. 
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pensions  to  describe  the  pleasare  Experienced,  in  p^rceiviDg  tbat»  as 
I  discorered  one  character,,  all  the  coosequeoces,  more  or  less  fore- 
seen, of  this  character,  w^e  8ucce86iveljr'de,veloped.  The  feet  were 
oooformabie  to  what  the  teeth  bad  announced,  and  the  teeth  to  the 
feet;  the  bones  of  the  legs  and  the*  thighs,' and  e?ery  thing  that  ought 
to  reunite  ibese-  two  extreme  parts,  were  donformable  to  each  other. 
In  one  word,  each  of  the  species  sprung  up  from  one  of  its  elements. 
Those  who  will  have  the  patience  to  follow  me  in  these  memoirti 
may  form  some  idea  of  the  sensations  which  I  experienced,  in  thus 
restoring  by  degrees  these  ancient  monuments  of  mighty  resolutions. 
This  Ydume  will  afibrd  much  interest  to  naturalists,  independent  of 
geology,  showing  them,  by  molfiplied  examples,  the  strictness  of  the 
laws  of  co-existence,,  which  elevate  zoology  to  the  rank  of  the  ra- 
tional sciences,  and. which,  leading  us  to  abandon  the  vain  and  arbi-* 
traiy  combinations  thathad  been  decorated  with  the  name  of  jyit«m^ 
wili  conduct  us  at.  last  to  the  only  study  worthy  of  our  ^ge--r4olhltt 
of  the  nsiural  and  necessary  relations,  which  Qonnect  together  the 
difierent  parts  of  all  organized  bodies.  Bot  geology  will  lose  nothing 
by  this  accessary  application  of  the  facts  contained  in  this  volume  t 
sad  thus  the  numerous  families  of  unknown  beings,  buried  in  tbe 
most  frequented  part  of  Europe,  offer  a  vast  field  for  meditation.^'.  • 
Upper  Marine  Sand  and  Sand$tone.^^n  the  Paris  ba^n  this  for*' 
matien  covers  the  gypsuip,  or  where  that  is  wanting,  it  rests  on  tbe 
caleaire  grossier.  The  marine  sand  and  sandstone  is  divided  into 
two  beds ;  the  lower  is  without  shells  in  iiiUf  though  some  brohen 
fragments  occur*  in  it.  This  sandstone  is  frequently  composed  of 
grains  of  transparent  pure  silex,  and  contains  occasionally  sdaall 
scales  of  mica.  In  some  situations,  this  sandstone  is  penetrated  by 
cakareous  infiltrations. '  In  other  situations*  there  are  balb  and  masses 
of  much  ha>der  sandstone^  which*  are  bsetl  for  paving  stones  in  Pa- 
ris, but  tbej  are  not  durable.  'At  the^forest  of  FontHinebleau  in 
France,  tbe  thickness  of  this  sand'  and  sajtidstone,  exceeds  one  hon^ 
dred  and  seventy  feet ;  jhe  sandstone  odours  in  loose  blocks  and  ir- 
regular massesy'and  sometimes  is  distinctly  stratifiedi  In  si^me  parts^ 
the  sand  is  so  pure  that  it  is  used  in  making  the  finest  .glass.  In 
other  parts,  the  quantity  of*  calcareous  earth  is  so  large,  that  it  as* 
Slimes  the  form  of  calcareous  crystals..  There  is  no  stratum  of 
this  marine  sandstone  in  England,  but  detached  blocks  of  similar 
stone,  called  (grey  weathers)  are  scattered  over  some  of  the  south- 
ern counties,  and  some  of  the  large  stones  at  Stonehenge  are  of  the 
same  kind.  South  of  Nemours,  in  passing  fronl  Lyons  to  Paris,  I 
observed  at  considerable  elevations,  masses  of  this  sandstone  kxisely 
imbedded  in  sand,  and  as  the  sand  becomes  washed*  away,  these 
masses  fall  out,  and  are  scattered  over  the  .lower  ground ;  in  this 
manner^  the  occurrence  of  the.  blocks  of  grey  Weathers  may  b^  ac- 
counted for:  they  are  the  remains  of  a  formatkxi  of  upper  sand- 
stone, which  has  disappeared  in  England. 
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The  Upper  Marine  Sand  and  Sandsiont  cootaios  muneroiM  on- 
rine  shells ;  it  has  frequently  a  reddish  cqlour  $  il  b  a  thm  bed,  com- 
pared with  the  sandstone  without  shells,  and  is  not  of  general  occu^ 
rence.  It  may  be  studied  at  Montmartre.  Whether  aay  aoalogras 
beds  have  been  found  in  England,-  is  not*  well  ascertained,  battbe 
beds  of  sand  at  Bagsbot  Heath,  and  in  other  situations  resting  oq 
Lpndon  clay,  have  been  generally  classed  with  the  upper  fnarioe 
smdstone  of  the  Paris  bakio.  The  Bagshdt  sands  eonsbt  accordiog 
to  Mr.  Warburton,  of  ocheroas  saild,.lbliated  green  clay,  with  greeo 
sand,  and  various  colopr^  marls ;  a  few  tnarine  sheUs  Uuve  beeo 
Ibund  in  this  sand.  The  Cr)ig  of  Noriblk  has  been  often  damed 
with  the  upper  marine  sand,  but  it  prcdnbly  belongs  to  a -more  recent 
series,  and  wiH  be  noticed  at  the  end  of  the  present  chapter; 

The  marine  sand  and' sandstone  is,  in  isome  parts,  covered  with  t 
bed  of  argillaceoijs  and  ferruginous  marl,  from  three  to  fourteen  feet 
in  tbicknes$i  in  whit^h  are  imbedded  irregular  layers  of  compact  si" 
let  or  ho(;n8tone,  full  of  poTes  and  cavities,  whieb  giye  it  a  corroded 
andvcellular  appearance.  It  is  this  asperity  of  surtace  that  reoden 
this  stone  peculiarly  fitted  for  mill*8tones.  The  substance  o(  mill- 
Mne, ,  when  unmixed,  is  pure  silez ;  it  has,  generally,*  a  reddish  or 
yellowish  colour,  but  that  of  the  be^  quality  is  nearly  white.'  AH 
the  best  mtH-stooed'Used  in  England  are  brought  from  this  bed,  and 
are  known  by  the  naipe  of  Burrh  stones.  There  are  no  sheUs  or  (V- 
gadic  remains  in  this  bed.  *  '  ,  , 

•  Upper  Fredwater  j(%rmir<um.— -This  formation,  though  exteo* 
sivelv  spread  over  many  parts  of  the  Continent,  is  scarcely  imoinyn 
Eligiand  ;  it  occurs  in  the  Isle  of  Wight. .  In  the  Paris  basin,  it  cov- 
ers ail  the  other  tertiary  strata,  and  is  itself  covered  with  vegeuble 
soil.'  The  upper  freshwater  formation  is  so  called,  because  all  the 
shells' which  it  contains  are  •  analogous  to  freshwater  shells :  it  coD' 
ststs,  principlilly,  of  calcareous  earth,  and  siliceous  earth,  sometimes 
departed,  and  sometimes  interinixed.>  Calcareous  earthj  it  tbe  state 
of  pure  limestone,  is  the  most  comm6n :  large  masses  of  freshwater 
silex  ase  ihiore  rare.  Thfe  silex  occurs,  sometimes,  as  a  pure  trans- 
lucent flint,  and' sometimes,  opaque^  with  a  resinous  fracture;  some' 
times,  it  approaches  to.  the  state  of  jasper,. and. sonietimeSf  it  has  all 
tbe  cbaraciers  of  mill-stone. 

•  PreshWater'limestone,  in  the  vicinity  of  Paris,  has  generally,  & 
greyish  w^itCf  or  a  yellowish  colour-;  it  is  sometimes,  as  tender  as 
chalk,  and  sometimes,  hard  and  compact,  with  a  fine  grain  and  coo- 
<^oidal  fracture :  in  pie  latter  state,  it  is  brittle,  and  breaks  into 
sharp-edged  fragments  like  flint.  Some  of  this  limestone,  at  a  dis- 
tance from  Paris;  particularly  that  of  Ch&teau  Liandon,  presents  the 
character  of  a  transition  marble,  and  will  reiieive  a  fine  polish.  Sev- 
eral of  the  basins' irithye^i^Teirif  in  the  gardens  of  the  Tbuilleries  are 
made  of  this  marble.  Many  of.  tbe  .harder  freshwater  Kmestooes, 
however,  rapidly  disintegnktn  on  exposure'  to  air  and  moisturei  fall  to 
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the  state  of  marl,  and  are  used  as  manure.  This  formation  is  char** 
acterised  by  containing,  exclusively,  freshwater  and  land  shells^  sim- 
3ar  to  what  are  found  in  the  neighbouring  marshes ;  they  belong  to  a 
small  number  of  genera  or  species,  being  chiefly  lymnites,  planorbes^ 
turbinated  shells,  (allied  to  cerithea^)  cyclostoms,  and  helices. 
.  Having  described  the  tertiary  strata  round  Paris  and  London,  I 
shall  proceed  to  the  tertiary  strata  in  the  Isle  of  Wight,  which  con« 
tain  many  beds  that  are  wanting  in  the  London  strata.  The  forma- 
tions of  the  north  of  France  and  of  England,  do  not,  as  it  was  once 
imagined,  compose  the  whole  of  the  tertiary  deposits,  but  only  the 
lower  and  middle  parts.  A  brief  account  of  the  tertiary  formations, 
in  other  countries,  will  be  subsequently  given. 

For  the  first  accurate  account  of  the  tertiary  strata  in  England,  we 
are  indebted  to  Mr.  Webster,  who  published,  in  vol.  ii.  of  Uie  Tran- 
sactions of  the  Geological  Society  of  London,  a  description  of  these 
strata  in  the  Isle  of  Wight,  and  their  connection  with  the  subjacent 
chalk.  The  chalk,  covered  by  the  London  clay,  passes  under  the 
channel,  called  the  Solent,  and  rises  in  the  middle  of  the  island, 
formhig  a  range  of  hills  which  extends  from  Culver  Clifi  on  the 
east,  to  the  Needles  on  the  west.  Here  we  meet  with  a  remarka- 
ble derangement  of  the  beds  of  chalk,  and  of  the  superior  strata ; 
part  of  the  strata  of  this  range  of  hills  from  the  western  to  the  east- 
ern side  dt  the  island  are  thrown  into  a  position  neariy  vertical,  evin- 
cing the  action  of  a  mighty  disturbing  force,  which  can  be  so  often 
observed  to  have  broken  or  upheaved  the  secondary  and  tertiary 
strata,  in  the  vicinity  of  the  Alps.  Evidence  of  the  same  dislocation 
of  the  strata,  extends  from  the  Isle  of  Wight  into  Dorsetshire. 

The  whole  thickness  of  the  beds  at  Alum  Bay,  in  the  Isle  of  Wight, 
which  are  nearly  vertical,  comprising  fourteen  hundred  and  eighty 
one  feet  of  strata  above  the  chalk,  about  nine  hundred  and  eigh^ 
seven  feet  of  chalk,  and  five  or  six  hundred  feet  of  lower  strata,  is 
according  to  Mr.  Webster's  measurement,  not  less  than(  three,  thou- 
sand feet.  Farther  south  the  strata  under  chalk  are  seen  again  in 
their  original  horizontal  position ;  and  on  the  northern  side,  there  are 
bills  composed  of  horizontal  strata,  evidently  of  a  formation  posterior 
to  the  time  when  the  chalk  strata  were  overturned.  That  the  latter 
were  once  nearly  horizontal,  may  be  inferred  from  their  generally  oc- 
curring-  in  that  position  in  the  southern  counties,  and  this  conclusion 
is  rendered  certain,  from  the  following  circumstance,  described  by 
Mr.  Webster.  In  one  of  the  vertical  beds  consisting  of  loose  sand 
are  several  layers  of  flints,  extending  from  the  bottom  to  the  top  of 
the  cliffl  '*  These  flints  have  been  rounded  by  attrition,  are  from  an 
inch  to  eight  inches  in  diameter,  and  appear  to  have  belonged  to  the 
chalk.  Now  it  is  inconceivable  that  these  flints  could  have  been 
originally  deposited  in  their  present  position  :  they  distinctly  point 
out  the  former  horizontal  direction  ot  this  series.    There  are  no 
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gigns  of  partial  disturbance  in  thesa  beds ;  the  whole  appears  there- 
fore to  have  been  moved  together." 

Close  adjoining  the  vertical  strata  on  the  northern  side  of  ibe  is- 
land, occurs  a  series  of  horizontal  stfata,  which  are  disdncily  visible 
in  a  hill  called  Headon  : — these  strata  consist  of  an  altematiog  series 
of  fresh  water  and  marine  deposits,  bearing  a  striking  similarity  in 
their  fossil  contents,  to  the  strata  in  the  vicinity  of  Parb.  Accord- 
ing to  Mr.  Webster,  they  consist  of 

1.  A  calcareous  stratum,  containing  only  fresh  water  she11s.-^I7jp- 

perfreih  water. 

2.  Greenish  marl  with  marine  shells.— Upper  marine. 

3.  Marl  with  fresh  water  shells. — Lower  Jreih  water, 

4.  Dark  blue  clay  without  shells. — Lotoer  marine* 

Thus,  we  have  over  chalk  four  distiiict  formations.  No.  4.  A 
lower  marine  formation,  which  includes  the  London  clay.  A  kwer 
fresh  water  formation.  No.  3.  ^he  strata  of  this  formation  consist 
of  sandy,  calcareous  and  argillaceous  marl^  some  of  them  appear 
to  be  formed,  almost  wholly,  of  the  fragments  of  fresh  water  shells, 
without  any  mixture  whatever  of  marine  shells.  *'  From  the  qaao- 
tity  of  these  shells,  and  the  regularity  and  extent  of  the  strata 
we  are  compelled"  says  Mr.  Webster,  '*  to  admit,  that  the  spot'where 
they  now  are,  was  once  occupied  by  fresh  water,  in  which  these  an- 
imals existed  in  a  fiving  state.  Over  this  fresh  water  occurs  an  op- 
pec  stratum,  No.  2,  which  contains  a  vast  number  of  fossil  shells 
wholly  marine.  Again,  over  this  marine  formation,  in  the  same  hill, 
18  a  calcareous  stratum,  fifty  five  feet  ip  thickness,  No.  .1,  every  put 
of  which  contains  fresh*  water  shells  in  great  abundance,  without  aoy 
admixture  of  marine  exuviae.  Many  of  the  sl)ells'  are  in  high  pre- 
servation ;  and  the  animals  must  formerly  have  lived  in  the  very  spots 
where  they  now  are,  the  shells  being  so  fragile,  that  they  could  not 
have  been  removed  from  their  original  situation  without  breaking. 
Part  of  the  stpne  of  this  formation  is  very  hard  and  compact,  and 
has  k>qg  been  used  extensively  for  building  stone.  This  stratum  ap- 
pears to  have  extended  over  the  whole  of  the  northern  part  of  tbd 
Isle  of  Wight ;  but  it  has  not  yet  been  di^overed  in  any  other  situa- 
tion on  this  side  of  the  water:  it  may  be  considered  as. the  latest  for- 
mation of  Tock  with  which  we  are  acquainted  in  England,  and  it 
agrees  in  many  of  its  mineralogical  characters,  and  the  fossils  it  con- 
tains, with  the  fresh  water  limestone  cakaire  d^eaux  douce^  in  the  vicin- 
ity of  Paris,  they  are.different  from  aoy  other  known  rock."  But  no- 
where has  there  been  discovered,  in  the  series  of  freshwater  strata 
in  England,  any  trace  of  the  remarkable  beds  of  gypsum  contaioiog 
bones  of  unknown  genera,  and  species  of  quadrupeds,  similar  to  the 
gypauip  of  Montmartre. 

During  a  recent  visit  of  the  author  to  the  Isle  of  Wight,  fa^  was 
induced  to  conclude,  that  some  of  the  remarkable  phenomena  which 
this  island  presents,  would  admit  of  t  more  simple  explanalkm  than 
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what  has  generaHj  been  given.    He  proposes  to  state  his  o[Nnions  on 
this  subject  in  a  subsequent  work. 

Dr.  Buckland  has  pointed  out  many  situations  west  of  the  London 
day,  where  patches  of  the  lower  beds  occur.  These  patches  indi- 
cate that  what  is  called  the  London  Basin,  and  the  basin  of  the  Isle 
of  Wight,  were  once  continqous,  and  that  iheir  continuity  was  bro- 
ken by  the  upheaving  of  the  chalk,  which,  in  several  parts,  had  lifted 
up  the  portions  of  tertiary  strata  that  still  remain. 

The  formation  called  Norfolk  Crag,  remains  to  be  noticed  aS/the 
last  of  the  English  tertiary  formations. 

In  the  counties  of  Norfolk  and  Suflolk,  there  is  a  series  of  irregif- 
lar  beds  of  ferruginous  sand  and  clay,  mixed  with  marine  shells, 
which  has  received  the  name  of  crag.    The  beds  are  much  con- 
torted'and  broken,  and  are  intermixed  wifh  London  clay  and  chalk, 
on  whicfa  they  rest ;  they  are  covered  in  many  parts  by  diluvium. 
The  crag  is  considered  as  the  most  recent  of  the  ternary  beds  in  Eng- 
land ;  its  true  geological  position,  in  relation  to  the  tertiary  strata  on 
the  Continent,  is  not  precisely  ascertained.    According  to  an  account 
of  Mr.  S.  Woodward  of  Norwich,  the  crag  is  of  limited  extent  in 
nVtf,  in  the  county  of  Norfolk.     If  a  )ine  be  drawn  from  Cromer, 
on  the  northern  coast  of  Norfolk,  to  Way  burn,  about  six  miles  west, 
and  from  thence  extending  southerly  tpwards  Norwich  (about  eight- 
een miles,)  it  will  comprise  all  the  regular  beds  of  crag.    Mr.  Wood- 
ward supposes  that  these  beds  were  deposited  in  an  estuary ;  east- 
ward of  this  tract,  ligneous  and  mammalian  remains  have  been  found 
in  abundance,  indicating  that  it  was  once  dry  land.     (Mag.  of  Nat. 
Hist.  Sept.  18S2.)     According  to  Mr.  R.  Cf.  Taylor,  the  crag  forms 
the  base  of  the  cliffs,  from  Cromer  to  Trimmingham.     In  a  valua- 
ble paper  on  the  Geology  of  East  Norfolk,  by  the  same  gentleman, 
published  in  the  Philosophical  Magazine  and  Annals  of  Philosophy, 
April,  1827,  and  the  foHowing  numbers,  there  is  an  interesting  ac- 
count of  the  geological  position  of  the  crag  near  the  coast,  with  Ex- 
planatory sections.     "  The  crag'rests  in  part  upon  the  London  clay, 
and  a  laminated  clay  without  fossils^  and  partly  upon  chalk,  occupy- 
ing the  lowest  sites ;  rarely  rising  lo  eighty  feet  above  the  present 
level  of  the  sea,  and  in  general  not  more  than  half  that  elevation. 
The  average  level  of  its  base  may  be  considered  to  be  about  that  of 
the  present  ocean.    In  certain  cases,  where  the  chalk  hills  attain  a 
higher  level  than  the  crag,  that  deposit  could  he  pxpected  only  to  en- 
velope or  surround  their  sides,  and  not  to  penetrate  into  the  chalk : 
such  eminences  would  then  present  the  appearance  of  tongues  or 
promontories  of  chalk,  protruding  into  the  crag ;  and  this  .circum- 
stance accounts  for  the  occasionally  apparent  absence  of  that  forma- 
tion.    But  the  crag  has  been  subjected  to  abrasion  by  diluvial  our- 
reots.     Portions  of  its  western  edees  have  been  swept  away.    Their 
fragments,  mingled  with  those  oi  chalk  and  preceding  tormations, 
piled  in  enormous  heaps,  form  the  clifi  of  Cromer  and  Trimingham, 
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350  or  300,  feet  in  thickness,  upon  the  original  cn^,  which  rests 
in  situ  at  their  base." — No.  4.  (new  series)  p.  335.  The  fossik  in 
the  crag  are  not  mineraliased ;  many  of  them  appear  to  belong  to  spe- 
cies living  in  the  present  seas.  The  general  characters  of  the  crag 
are  ably  given  by  Mr.  Taylor.  "A  district  bordering  a  hundred 
miles  upon  our  eastern  coast,  is  occupied  by  an  ancient  marine  de- 
posit, continually  changing  its  aspect,  yet  constant  in  its  peculiar  cha- 
racters, and  always  to  be  understood  by  unerring  data :  now  appear- 
ing as  a  ferruginous  sandstone,  then  a  compact  clay,  and  again  con- 
siderably indurated ;  sometimes  blended  in  a  mass  of  extinct  zoo- 
phytes, sponges  and  algyonites,  forming  a  ^ft  rock ;  oftener  an  ir- 
regularly accumulated  mass  of  decomposed  and  broken  littoral  shells, 
loosely  imbedded  in  sand  like  ah  ordinary  sea-beach,  yet  accompa- 
nied with  the  remains  of  unknown  animals ; — sometime?  forming  the 
substratum  of  a  considerable  area ;  or,  overwhelmed  beneath  ihe 
debris  of  older  strata,  only  detected  at  intervals ; — ^at  one  point  ex- 
hibiting groups  of  shell  fish  allied  to  those  of  the  neighbouring  sea ; 
and  at  another,  composed  of  numerous  genera,  which  are  neither  to 
be  recognized  living  in  any  part  of'  our  globe,  nor  assimilating  to  the 
fossil  shells  of  other  formations." — PhU.  Mag.  page  350. 

Mr.  Taylor,  in  his  account  of  the  Norfolk  crag,  appears  t6  asso- 
ciate with  it  the  beds  which  Mr.  Woodward  describes  ^s  diluvium; 
hence  he  gives  a  greater  extent  to  the  crag  ibrmation  than  Mr.  Wood- 
ward. The  latter  gentleman  states,  as  a  well  ascertained  fact,  that 
the  tooth  of  a  mastodon  was  obtained  from  the  crag  stratum  at  Whii- 
lingham  near. Norwich  ;  and  he  has  also  a  fragment  of  a  tooth  of  a 
mastodon,  which  he  took  out  of  the  crag  at  Bramerton<  These  are 
the  onlv  instances  at  present  known,  of  the  remains  of  this  animal 
being  found  in  any  part  of  Great  Britain.  Teeth  of  the  fossil  ele- 
phant or  mammoth  are  very  common.  A  similar  formation  to  crag 
IS  said  to  be  discovered- on  the  French  coast  between  Calais  and 
Cape  Blanc  Nez  :  also  in  the  neighbourhood  of  Tangres  near  Ant- 
werp, and  in  other  parts  of  the  Netherlands. 

Mr.  Mantell  pointed  out  to  me,  when  at  Brighton,  that  the  cliB 
there  are  composed  of  san^l  and  chalk-flints  not  worn  by  attrition,  and 
th^tthey  rest  on  an  ancient  sea  beach,  with  rolled  shingle^  :  in  some 
of  their  characters,  there  is  a  great  similarly  to  the  Norfolk  crag. 
The  sand  is  in  some  parts  cemented  into  hard  masses  of  sandstone, 
and  teeth  of  the  elephant  and  the  horse  are  found  in  the  clifls,  indi- 
cating the  high  antiquity  of  this  deposition.  It  has  been  formed  in 
the  valleys  or  depressions  in  the  chalk,  but  it  is  not  very  easy  to  ex- 
plain, how  the  chalk  flints  were  collected  in  such  masses,  and  depos- 
ited without  having  been  subjected  to  attrition.  It  is  probable  that 
future  discoveries  may  make  it  necessary  to  place  the  crag,  the  Bag- 
shot  sands,  and  the  conglomerate  in  the  cliffs  of  Brighton  and  other 
parts  of  the  English  coast,  among  the  upper  tertiary  strata,  which 
irill  be  described  in  the  following  chapter* 
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CHAPTER  XVII. 

ON  THE  kSCENT  TERTIARY  STRATA,  OR  WHAT  ARE  CALLED  BT 

SOME  GEOLOGISTS  QUATERNARY. 

The  Methdds  for  determining  the  relative  Age  of  Formations  explained,  and  their 
Yaltie  examined. — ^Evidence  from  Position. — Evidence  from  Organic  Remains. 
—System  of  M.  Deshayes  founded  on  Fossil  Shells. — Uncertainty  attending  the 
Evidence  from  Organic  Remains. — Arbitrary  Classifications  of  Naturalists. — 
Supposed  Limits  to  the  Transmutation  of  Species  of  Molluscous  AnimcUs  exa- 
mined.— System  of  M.  Elie  de  Beaumont. — Geological  Age  of  Palaeotberia-^of 
MastodoDs— of  Elephants. — Recent  Tertiary  Strata  of  the  Basin  of  the  Loire. — 
Of  the  Sat«ppennine  Ranges. — Of  the  Freshwater  Formations  in  the  A'ppennine 
Valleys.— Remarkable  Intermixture  of  the  Skeletons  of  Whales,  Elephants,  &c. 
at  Castello  Atqaata  explained  by  what  has  taken  place  in  England. — Freshwa- 
ter Limestone  of  (Eningen,  one  of  the  most  recent  Tertiary  Formations. — Hu- 
man Skeletons  erroneously  su[^)esed  to  have  been  found  there. — Observations 
on  the  relative  Age  of  the  Strata  of  (Eningen. 

Atter  the  discovery  of  tbe  true  character  of  the  tertiarj  strata  of 
the  Paris  basin,  and  of  England,  it  was,  for  some  time,  believed  that 
tbe  former  was  a. complete  representation  of  the  whole  tertiary  form- 
ations in  every  country  ;  and  that  the  strata  of  the  London  basin,  and 
of  the  Isle  of  Wight,  represented  a  portion  of  the  strata  of  the  Paris 
basin.  It  is  now,  however,  ascertained,  that  in  the  central  and  south- 
ern parts  of  France,  and  in  many  other  countries,  there  are  exten- 
sive tertiary  formations  which  contain  organic  remains,  very  different 
from  those  in  the  Paris  basin. 

These  strata  are,  with  much  probability,  believed  to.  have  been 
deposited  io  detached  lakes  or  estuaries,  at  a  subsequent  period  to 
that  in  which  the  Paris  basin  was  laid  dry. 

It  appears  also  probable,  that  these  newer  tertiary  strata  are  of  dif- 
ferent ages ;  and  that  some  of  them  approach  in  their  characters  to 
tbe  depositions  at  present  forming  on  the  shores  of  the  ocean,  or  in 
the  deltas  of  great  rivers,  or  in  freshwater  lakes. 

Tbe  relative  antiquity  of  these  recent  tertiary  formations,  is  a  sub- 
ject of  high  geological  Interest,  fis  it  is  connected  with  the  history  of 
tbe  latest  revolutions  of  the  globe,  and  the  catastrophes  that  have  de- 
stroyed tbe  ancient  races  of  its  inhabitants. 

But  how  are  the  relative  ages  of  the  strata  in  different  tertiary  ba- 
sins to  be  ascertained  ?  The  relative  ages  of  two  groups  or  forma- 
tioDs  of  strata,  or  of  two  strata  in  distant  parts  of  the  same  series^ 
may  be  determined  by  two  methods  :  one  founded  upon  the  evidence 
of  position,  the  other  upon  that  of  organic  remains.  As  the  compar- 
ative value  of  these  two  kinds  of  evidence,  and  their  relations  to  each 
other,  has  nowhere,  that  I  know  of,  been  briefly  and  clearly  stated, 
for  the  benefit  of  the  geological  student,  I  trust  I  shall  be  excused  for 
attempting  to  give  a  simple  and  familiar  explanation  of  each  method. 
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The  evidence  from  the  superposition  of  strata,  or  what  the  French 
call  gisement,  is  base'cl  upon  a  self-evident  truth.  In  all  sUiiufied 
rocks  that  have  been  formed  or  deposited  by  water,  the  lowast  stra- 
tum is  the  most  ancient ;  or,  in  other  words,  every  stratum  is  older 
than  the  stratum  that  covers  it ;  unless,  by  some  violent  dislocation, 
the  strata  have  heed  overturned,  or  removed  from  their  original  posi- 
tion. What  is  true  with  respect  to  two  strata,  may  he  applied  to  two 
series  of  strata,  that  occur  under  each  other  :  thus,  we  are  certaJD 
that  the  red  sandstone  and  marl  under  the  lias  beds,  are  more  la- 
cient  than  the  latter ;  and  as  both  formations  preserve  the  same  char- 
RCterover  a  great  extent,  whenever  we  meet  with  them  in  other  sit- 
uations, where  the  superposition  is  not  apparent,  we  may  safely  cod- 
elude,  that  the  red  sandstone  is  n^ore  ancient  than  the  lias,  and  oc- 
curs under  it. 

W^  cannot,  however,  apply  the'  same  evidence  to  two  groups  of 
strata  formed  in  detached  lakes  or  ba;5ins,  because,  being  deposited 
in  diflerent  localities,  they  never  occur  superimposed  oo  each  other. 
Let  us  suppose  that  two  ancient  lakes,  situated  at  a  considerable  dis- 
tance, had  become  dry  in  remote  ages,  and  that  a  stratum  of  calca- 
reous marl  were  found  Jn  the  ancient  bed  of  each  lake ;  it  would  be 
evidently  impossible,  from  these  data,  to  determine  which  stratam 
was  the  most  recent,  or  whether  their  ages  were  coeval.  Let  us, 
for  the  better  distinction  of  the  stratum  of  calcareous  marl  in  each 
lake,  call  the  one  stratum  A,  the  other  B.  Suppose  the  geologist, 
who  had  seen  th^  marl  beds,  were  to  observe,  in  a  neighbouring  steep 
bank  or  cliff,  two  marl  beds  similar  to  A  and  B,  but  separated  b/a 
bed  of  sandstone,  he  would  have  no  doubt  that  the  lower  mail  was 
the  most  ancient ;  but  he  could  not  apply  this  to  determine  the  rela- 
tive ages  of  the  lake-marl  sti*ata,  A  and  B.  Were  he,  however,  to 
discover  a  number  of  shells  of  one  species  in  the  lower  marl  bed  of 
the  clifl^  and  another  species  in  the  upper  marl  bed  ;  and  were  he  af- 
terwards to  find  the  same  species  df  shells  that  were  in  the  lower 
cliff  marl,  in  the  lake-marl  bed  A,  and  the  species  that  were  io  the 
upper  cliff  marl,  in  the  lake  niarl  bed  B*;  he  would  then  have  strong 
presumptive  evidence,  that  the  lake-marl  A  was  more  ancient  il»an 
the  lake  marl  B.  The  evidence  from  organic  remains,  or  what  is 
technically  called  the  zoological  characters,  becomes  more  satisfacto- 
ry in  proportion  to  the  number  of  instances  in  which  it  can  be  sup- 
ported by  the  evidence  from  position. 

In  the  above  example  of  the  strata  of  calcareous  marl  in  the  two 
ancient  lake  beds,  the  evidence  of  their  relative  ages  derives  all  its 
value  from  the  original  evidence  of  position  observed  in  tlfe  marl  beds 
of  the  cliff.  The  evidence  from  organic  remains  alone,  most  ever 
b&  attended  with  uncertainty,  unless  originally  confirmed  by  the  eri- 
dence  flrom  superposirion.  Animals  whose  remains  are  deposited  lo 
distant  basins,  may  be  of  different  species ;  but  this  does  not  prov^ 
that  they  did  not  live  at  the  same  period,  as  we  find  in  the  present 
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dijr  difierent  species  inhabiting  diftrent  latitudes ;  and  difference  of 
temperature  in  the  waters  of  diflkrent  lakes  in  the  same  latitude, 
might  occasion  a  great  cbange>  in  the  character  of  the  iahabitants. 
The  consideration  that  the  value  of  the  evidence  from  organic  re- 
mains, was  originally  derived  from  the  evidence  of  position,  and 
must  ever  remain,  more  or  less,  dependent  upon  it,  appears  to  have 
escaped  the  attention  of  many  geologists,  exclusively  attached  to  the 
study  of  zoological  characters.  Among  our  ingeuious  neighbours, 
the  Freuch,  perhaps  too  ready  to  form  generalizations  from  a  limited 
Dumber  of  facts,  the  value  of  the  evidence  to  be  derived  .from  the 
study  of  fossil  conchology  is  greatly  overrated,  when  they  would 
make  it  independent  of  position  or  guement.  Could  the  most  sci- 
entific coDchologist  or  naturalist  have  discovered  from  the  organic 
remajos  in  the  Wealden  beds,  whether  tbey  were  deposited  before  or 
after  the  green 'sand?  Certainly  not.  He  might  have  ascertained 
that  they  were  fresh  water,  and  not  marine  beds ;  but  this  would  not 
have  assisted  him -in  discovering  their  relative  age.  Fortunately,  we* 
have  here  the  evidence  of  superposition ;  for  the  green  sand  lies  over 
the  upper  Wealden  beds,  and,  therefore,  is  a  later  deposition.  When 
the  different  periods  of  time  in  which  different  species  of  animals 
first  appeared  in  different  latitudes,  shall  be  known,  then,  and  not  till 
then,  can  we  predicate  with  certainty  respecting  the  relative  age  of 
strata  from  their  organic  remains  alone. 

I  shall  now  proceed  to  state  the  rules  attempted  to  be  Established 
for  determining  the  relative  ages  of  the  tertiary  strata  by  organic, 
remains. 

M.  Desh^ves  considers,  that  the  relative  ages  of  different  groups 
of  strata  or  formations  may  be  determined,  by  their  zoological  char- 
acters alooe;  that  is,  by  the  species  of  shells  they  contain.  He 
forms  two  grand  divisions  of  stratified  formations  ^^ 

1.  Those  which  contain  no  speties  of  shells  analogous  to  exist* 

irig  species.* 
This  division  is  stated  to  comprise  all  the  secondary  strata. 

2.  Slirafla  which  contain  a  greater  or  less  number  of  species  analtn 

gous  to  existing  species. 

The  last  division  comprises  all  the  tertiary  formations.  Again  he 
subdivides  this  division  into  three  groups,  according  to  the  greater 
or  less  proportion  of  species  of  shells,  that  tb^y  each  contain  anal- 
ogous to  living  species. 

In  the  more  ancient  group  he  places  the  tertiary  formations  of  the 
Paris  basin,  the  London  basin,  the  Isle  of  Wight,  and  of  a  part  of 
Belgiunn,  a  small  part  of  the  Gironde,  and  the  tertiary  strata  of  the 
Vicentin.  * 


•  By  etpiee  anahgue^  M.  Deshayes  means  identical  species.. 
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In.  the  tertiary  bads  of  this  group,  nearly  fourteen  hundred  species 
of  shells  have  bel^n  found,  of  which  thirty-eight  species  are  aoalogoos 
to  existing  species,  or  about ihree  in  every  hundred.  Only  forty-two 
of  these  species  appear  in  the  upper  tertiary,  and  none  of  the  four- 
teen hundred  species  found  in  this  group,  have  any  analogy  with  those 
found  in  the  secondary  strata,  not  even  in  the  most  recent  or  chalk 
formation. 

The  seconci  or  middle  group  comprises  the  marls  of  Toaraiae,  and 
other  parts  of  the  Loire,  a  great  part  of  the  basin  of  the  Gironde, 
of  Dux  of  Austria,  Hungary  and  Poland,  and  a  small  portion  of  the 
sub-Appennine  bills,  in  the  environs  of  Turin.  Geologists  and  natu- 
ralists had  before  only  admitted  one  group  of  tertiary  strata  in  Aus- 
tria and  Italy. 

Of  nine  hundred  species  of  fossil  shells  found  in  this  group, 
compared  by  M.  Deshayes,  one  hundred  and  sixty  are  analogous  to  i 
living  species,  or  eighteen  in  every  hundred,  and  one  hundred  and 
thirty  species  have  continued  to  live,  during  the  formation  of  the  up- 
per or  more  recent  group. 

The  upper  group  comprises  the  sub-Appennine  hills,  the  tertiary 
strata  of  $icily,  those  of  the  Morea,  the  small  basin  of  Perpignan, 
and  the  small  basins  bordering  the  Mediterraneon.  In  this  group  H. 
Deshayes  is  inclined  to  place  the  Norfolk  crag,  at  least  until  its  char- 
acters shall  be  better  known. 

M.  Deshayes  has  recognized  seven  hundred  species  in  the  \ip^ 
group,  of  which  t;he  greater  half  are  analogous  to  living  species. 
Thirteen  species  alone,  M .  Deshayes  observes,  have  yet  been  found 
common  in  all  the  three  tertiary  groups,  and  have  resisted  the  destruc- 
tive causes  that  have  successively  modified  the  organization  of  subma- 
rine animals.  The  living  species,  analogous  to  the  fossil  shells  in  the 
more  ancient  and  middle  groups,  are  Chiefly  inhabitants  of  tropical 
climates,  whereas  the  greater  number  of  species,  found  in  the  most 
recent  group  are  analogous  to  those  now  living  in  European  seas. 

The  results  of  M.  Deshayes'  researches,  if  fully  confirmed,  would 
establish  the  following  rules  for  determit^mg  the  relative  ages  of  strata. 

1.  That  in  proportion  to  the  greater  number  of  fossil  species  in 

strata  analogous  to  living  species,  such  strata  may  b6  deter- 
mined to  be  more  recent. 

2.  That  a  great  change  in  the  organization  of  fossil  species,  and 

in  the  proportion  of  the  number  analogous  to  living  species, 
ought  to  be  considered  sufficient  to  constitute  different  for- 
mations. 

3.  That  the  different  tertiary  basins,  were  not  formed  or  filled 

contemporaneously. 

Before  admitting  the  conclusions  of  M.  Deshayes,  it  will  be  right 
to  pause,  and  consider  well  how  little  we  know  of  the  inhabitants  of 
the  shells  which  are  divided  by  concbologists  into  such  a  multitude 
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of  species,  ffom  a*  trifling  difference  of  form.  Molluscous  animals, 
having  no  internal  skeleton,  appear  to  possess  great  power  of  adap- 
tat'ion,  and  of  forming  and  renewing  their  shells,  according  to  the  cir- 
cumstances in  which  they  are  placed.  It  therefore  seems  to  be  trav- 
elling far  beyoitd  the  bounds  of  sob^r  experience,  to  establish  such 
sweeping  generalizations,  on  the  evidence  of  shells  alone«  Where  other 
concurrent  evidence  canbe  adduced,  either  from  the  organic  remains 
of  plants  or  the  higher  classes  of  animals,  the  presence  or  absence  of 
certain  species  of  shells  may  serve  conjointly,  as  distinctive  charac- 
ters of  formations  $  we  may  farther  admit,  that  the  greater  abund- 
ance of  supposed  species  of  shells,  in  any  formation,  analogous  to 
existing  species,  implies  that  the  conditions  nnder  which  the  strata 
were  deposited,  were  analogous  to  the  present  condition  of  the  globe 
whether  afl  the  shells  designated  as  different  species  were  really  so 
or  not. 

Change  of  fornb,  much  greater  than  what  exists  in  the  coverings 
of  many  testaceoos  animals  said*  to  be  of  different  species,  may  be 
observed  to  take  place  in  the  same  specjes  of  mamroiferous  aniifials 
in  diflbrent  countries.  -  The  sheep  of  Africa,  of  Asia,  and  of  Eu- 
rope present  great  varieties  of  form ;  and  even  in  Europe,  the  dif- 
ference between  one  breed  of  sheep  atfd  another,  in  respect  to  form, 
size,  or  horns,  is  much  greater  than  between  the  forms  of  many  dif- 
ferent species  of  shells.  Let  us  suppose,  the  race  of  sheep  to  be 
isntirely  destroyed  in  some  future  revolution  of  the  globe,  and  the 
skins  and  horns  alone  to  be  preserved  in  a  fossil  state,  without  any 
portion  of  the  skeleton  or  of  the  hoofs  or  teeth.  The  future  .geolo- 
gist or  naturalist  would  have  as  much  reason  to  establish  specific  dis- 
tinctions from  the  fossil  skins,  as  the  conchologist  has  to  establish 
them  from  ibssil  shells.  The  external  covering  is  all  that  can  guide 
either  of  them ;  for  of  the  animals  themselves  the  conchologist  knows 
nothing,  absolutely  nothing,  thAt  can  serve  for  a  specific  character. 
The  future  doaler  in  fossils  might  establish  forty  species  or  more  of 
the  genus  Ovis.  Thus  he  would  have  his  Om  maximus,  O.  medius^ 
p.  nUnimus,  O.  lanigerens,  O.crinigerensy  O.'comutuSf  O.  bicor- 
nuiusj  O.  quadricomutus,  O.  longicaUdatus,  O,  pinguicaudaius^  cum 
mvUis  alUs,  Much  ingenious  and  learned  speculation  would  doubt- 
less be  expended,  to  prove  the  epochs  in  which  each  species  flourish- 
ed, and  to  determine  the  geological  ages  of  the  horned,  and  the  fat- 
tailed  sheep. 

Few  'persons  ever  made  more  experiments,  for  a  long  series  of 
y6ars,  on  the  change  of  form  and  other  qualities  of  animals,  that 
m'^ht  be  perna'anently  produced,  than  the  late  Mr.  Robert  Bakewell, 
of  Dishley  in  Leicestershire.  I  have  heard  him  snf,  that  he  scarce- 
ly knew  any  assignable  limits  beyond  which  these  changed,  both  ex- 
ternal and  internal,  might  not  be  carried.  I  am  fully  convinced  that 
the  Author  of  nature  has  established  laws  for  the  preservation  of  dis- 
tinct classes  and  orders  of  animals  ;  but  be  it  eve^  remembered,  that 

31 


243   EXPERIMENTS  ON  FEHtUNENT  CUANGK  OF  rORM  IN  SPECIES, 

these  laws  are  not  limited  by  the  artificial  eia)»ificatiQD  of  Dtlural- 
ists.  The  principle  on  which  Mr.  Bakewell  proceeded  was  thi8>- 
He  first  travelled  over  England,  and  part  of  the'contineQt,.todi8coTT 
er  and  select  animals  of  different  kinds,  possessing  certain  peculiari- 
ties of  form,  and  other  qualities,  which  he  was  desirous  to  render 
permanent.  By  selecting  two  animals  to  breed  from,  which  posses- 
sed the  desired  qualities  in  an  epiinent  degree,  and  afterwards  select- 
ing from  their  offspring  those  in  which  these  qualities  were  vaost  cod- 
spicuous,  and  breeding  again  from  these,  the  peculiarities  were  far- 
ther increased.  By  continuing  the  same  selection  through  four  or 
five  generations,  he  obtained  lacestliac  would  transmit  the  same  qual- 
ities permanently  to  succeeding  generations.* 

Some  naturalists  have  maintained,  that  au  additional  vertebral  bone 
was  amply  sufficient  to  establish  a  distinct  species ;  but  the  number 
of  vertebras  is  not  invariably  the  same  even  in  man.  In  some  of 
the  negro  tribes,  an  additional  vertebral  bone  is  not  uqcomnon.  To 
apply*  what  has  been  said  to  fossil  conchology  :*— The  nK>Uuscous  ani- 
mals that  inhabit  and  construct  their  shells^  have  no  internal  skeleiOD, 
and  must,  therefore,  be  susceptible  of  greater  change,  and  possess 
greater  power  of  adaptation  to  circumstances,  than  vertebrated  ani- 
mals, in  which  the  solid  bones  present  obstacles  to  any  essential  de- 
parture from  their  original  form. 

Let  us,  however,  imagine 'what  is  very  possible ;  that  a.  number  of 
individuals  of  one  species  of  bivalve  or  univalve  shell,  were  driYeo, 
during  a  violent  storm,  into  a  distant  part  of  the  ocean,  where  the 
animals  could  no  longer,  obtain  tlieir  accustomed  food,-  but  were  slill 
abljB  to  support  life  by  ahment  of  a  somewhat  difierent  kind.  Let 
us  suppose  that  the  ennOyances  to  which  they  had  before  been  sab* 
jecl,  irom  natural  enemies  or  other  causes,  were  changed  for  anDOjr* 
abces  of  another  kind.  Under  these  different  circumstances,  is  it 
not  probable  that  the  animals  themselves  would  undergo  somejQbaoge, 
and  modify  the  construction  of  their  shells  in  some  degree,  to  render 
them  better  suited  to  the  new  conditions  to  which  they  were  placed? 
Thus,  in  the  course  of  a  few  generations,  we  should  have  a  race 
which  conchologists  would  call  a*  distinct  species. 

Where  a  series  of  tertiary  strata  of  great  depth  is  exposed  to 
observation,  as  in  the  case  of  the  sub-Apennine  strata,  we  have  the 


*  Mr.  BakeweU,  of  Dishley,  was  in  a  considerable  degree  self-edneated,  bntbe 
possessed  a  strong  origioal  mind,  which  was  enli^tened  by  study  and  meditation: 
he  was  also  a  man  of  great  moral  wohh,  and  was  intimately  acqnainted  with  Dr. 
Priestley,  Dr.  Darwin,  and  other  eminent  philosophers  who  inhabited  the  eentn] 
parts  of  England,  towards  the  close  of  the  last  centniy.  The  late  Countess  of 
Oxford  once  asked  the  aathor  of  the  present  work,  vhetker  he  y>as  related  tf 
tke  Mr.  Bakewell  who  invented  sheep.  He  replied  that  he  was  of  the  same  Lei- 
eeslershireor  originally  Derbyshire  family,  and  that  Mr.  Bakewell  the  iMewkr 
of  sheep  said,  that  "h^  felt  satisfaction,  not  in  having  provided  for  the  tables  of 
the  rich,  but  tor  the  families  of  the  labouring  classes,  to  whom  a  ponnd  of  his  fat 
mmton  over  a  dish  of  potatoes  made  ^  eheap  and  nntritions  diAner." 
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evideace  of  pontioii,  that  the  uppermost  beds  are  the  most  recent ; 
and  if,  in  ascendiDg  from  the  lower  to  the  upper  part  of  the  seriesi 
we  fiml  the  proportion  of  the  species  increase,  that  are  analogous  to 
what  DOW  live  in  tbe^  Mediterranean,  we  obtain  the  evidence  of  posi- 
tion, to  support  •some  of  the  conclusions  of  M.  Deshayes.  The  evi- 
denoe  from  position  fprms,  however,  the  fundamental  basis  of  our 
Gonclunoos  respecting  the  relative  age  of  the  secondary  and  tertiary 
formatioos ;  and  we  can  only  proceed  safely  when  we  have  the  aid 
of  this  evidence. 

M.  Elte  de  Beaumont  proposes  a  division  of  the  tertiary  Strata  into 
three  groups,  according  to  the  organic  remains  of  large  maromiferoes 
ammais  which  they  contain.     He  supposes  that  each  of  these  groups 
indicales  a  perbd  of  tranquillity,  intermediate  between  two  periods 
of  change  and  convulsion;  and  (hat  each  generation  of  animals  was 
destroyed  by  a  different  convulsion.    His  6rst  period  extends  to  the 
marb  above  the  gypsum,  in  the  Paris  basin.    The  second  to  the 
Fontainebleaa'  sandstone,  the  upper  fresh-water  formatbn,  the  caica- 
reous  beds  at  the  mouth  of  the  Rhine,  and  the  molasse  of  Switzer- 
land.    The  third  period  extends  to  the  dihivium  {ierrain  de  tram^ 
fori)  of  Bresse,  to  the  beds  of  QSningen,  the  sandstone  of  Aix,  the 
upper  marine  formation  of  Montpellier,  and  the  ranges  of  sub- 
Apennine  bills  in  Italy,  to  the  tertiary  beds  of  Sicily,  and  to  the 
Crag  of  Suffolk. 

The  first  or  lowest  group  is  characterized  by  the  remains  of  Palae- 
otheria ;  dse  seconjd)  by  those  of  marstodons ;  and  the  third,  by  the 
remains  of  elephants.  It  is  admitted,  however,  that  in  maripe  ter- 
tiary depositions,  these  periods  seem  to  pass  insensibly  into  each 
other.  In  the  marls  of  the  Loire,  and  the  calcareous  beds  of  Mont- 
pellier, the  bones  of  the  Palieotherium  are  found,  tnixed  whh  bones 
of  the  mastodon  and  hippopotamus;  and 'in  the  Plaisantin,  the  bones 
of  the  elephant  are  added  to  the  above.  Wjthout  admitting  at  pres- 
ent that  the  division  of  M.  Elie  de  Beaumont  is  supported  by  suffi- 
cient evidence,  (and  the  exceptions  stated  prove  that  it  is  not,)  yet 
we  may  still  alldw  that  there  is  a  considerable  degree  of  probabili^, 
that  each  of  the  three  genera  of  anin^als,  flourished  most  at  the  di^ 
ferent  epochs  he  has  stated,  but  not  exclusively  of  other  genera. 
In  England,  we  have  only  a  few  traces  of  animals  of  the  Palcothe- 
rian  age ;  these  occur  in  the  fresh*water  formation  at  Binstead,  in 
the  Isle  of  Wight :  and  in  the  second  group  we  have  only  two  ktiowa 
instances;  they  occur. in  the  Crag,  in  which  two  teeth  of  the  masto- 
don have  been  found.  In  the  third,  or  elephantine  group,  we  have 
numerous  instances;  for  teeth  and  bones  of  elephants  have  been 
found  in  clay,  mari,  or  gravel,  in  almost  every  county  in  Ebgland. 
The  instances  cited  above,  in  the  two  lower  groups,  are  too  few  to 
support  any  hypothesis ;  but  it  is  only  fair  to  adiqtt,  that,  conjointly 
with  the  elephants  in  the  third  group,  ther  are  conformable. to  the 
divisions  of  M.  Elie  de  Beaumont.    Should  these  divisions  be  more 
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fully  con6riiied|  we  must  r&oge  *the  stratarof  Alpnacb,  not  mthe 
loweri  but  in  the  middle  group  of  tertiary  strata. 

Id  a  work  like  the  present,  it  would  not  be  possible  or  desirable  to 
follow  the  French  and  Grerman  geologists,  in  their  descriptions  of  the 
different  basins  that  contain  the  upper  tertiary  or  quaternary  strata, 
supposed  to  be  superior  to  any  of  the  tertiary  beds  in  the  Paris  basin, 
or  in  England ;  but  the  most  remarkable  oi  these  formations  may  be 
noticed : — "  The  Faluns,  or  marls  of  Touraine  and  the  Loire,  cod- 
stitute  an  extensive  formation  of  marl  beds,  which  are  now  admitted 
to  be  of  later  date  than  the  most  recent  of  the  fresh-water  beds  in 
the  Paris  basin.  Fibm  the  soft  quality  of  the  marl,  it  might  beace 
be  inferred  that  the  beds  had  been  disturbed  or  changed  by  inuoda- 
tions,  or  might  be^lassed  with  diluvial  beds ;  but  they  tire  regular 
depositions,  formed  during  an  epoch  of  tranquillity,  and  subjected  to 
laws  of  which  the  action  is  continued  on  the  pr^ent  shores.  The 
great  mass  of  fossil  shells  which  th6se  beds  contain,  differ  from  those 
of  the  Paris  basin:  in  nearly  four. hundred  species,  there  are  ooly 
about  twenty  identical  with  the  Paris  fossils.  The  terrestrial  and 
river  shells  are  in  the  same  state  of  mineralization'  as  the  marine 
shells.  The  boaes«of  the  mastodon,  rhinoceros,  and  hippopotamus, 
are  in  the  same  state  of  preservation  as  those  of  whales,  'and  other 
cetaceous  animals,  with  which  they  are  intermixed.  They  are  coat- 
ed with  marine  polypi  and  serpiilae,  which  proves  that  they  were  long 
covered  by  a  tranquil  and  stationary  sea.  -  These  Faluns  are  distinct 
from  the  tertiary  beds  of  the  Seine,  and  more  recent  than  any  of 
them ;  b|it  they  ajre  themselves  the  lowest  term  of  a  new  system) 
more  important,  more  extensive,  than  the  formations  of  the  Paris  or 
London  basins,  and  which  has  been  continued  tp  the  present  epoch, 
during  all  the  numerous  up-heavings  of  the  ground,  the  cbaoges  in 
the  relative  level  of  seas  and  continents,  and  the  successive  tnoHA- 
cations  of  organic  beings." — Bulletin  de  la  Sodeii  Giologiipt^.^ 
Franee,  1831-32,  tome  11. 

It  is  stated  that  the  lowest  bed  of  the  Faluns,  rests  lipon  a  bed 
analogous  to  the  upper  part  of  the  Peris  basin,  which  is  suppos^  ^ 
have  extended  so  far.  if  this  were  clearly  made  out,  we  should 
have  the  evidence  of  position,  as  well  as  of  organic  remains,  to  de- 
termine the  relative  age  of  the  Faluns  of  the  Loire,  which  is  sup- 
posed to  be  the  age*  of  mastodons.  In  opposition  to  this,  I  hare  part 
of  the  tooth  of  an  elephant,  which,  in  the  hand  writing  of  Faujas 
St.  Fond,  is  said  to  have  been  found  at  Moncmartre,  and  is  evidently 
from  the  marl  beds.  Here,  then,  we  have  remains  of  an  animal  ol 
the  most  recent  tertiary  age,  occurring  in  a  forniation  more  ancient 
than  the  age  of  mastodons.  Such  ^instances  -  should  lead  us  to  re- 
ceive the  evidence  from  animal  remains  alone  with  much  caution. 
Indeed,  there  is  good  reason  to  believe,  that  in  North  America,  the 
age  of  mastodons  was  continued  to  nearly  the  present  epoch,  if  the 
animal  be  not  still  living  in  some  of  the  unexplored  recesses  of  ih«^ 
vast  continent. 
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The  range  of  iBOODUdns  io -Italy,  called  the  Apeoninesi  that  rise 
in  some  parts  to  the  height  of  from  six  to  eicbt  thoasand  feet,  aod 
exteod  north  and  south. from  the  borders  of  Piedmont  to  Calabria, 
are  apccompanied,  both  on  the  Adriatic  and  Mediterranean  flanks,  by 
ranges  of  lower  hills,  which  have,  ffom  their  position,  received  the 
name  of  sub-Apennine.  'the  sub-Apennine  hills  rise  to  the  height  of 
from  one  to  two  thousand  feet;  they  are  composed  of  tertiary  beds 
of  marl,  sand,  clay,  and  calcareous  tufa,  and  abound  in  marine  shells, 
many  of  which  abe  identical  whh  eatisting  species  in  the  Mediterra- 
nean sea,  or  with  other  existing  species  of  tropical  climates.  It  is 
observed  that  the  upper  beds  contain  the  greatest  proportion  of  spe- 
cies similar  to  what  exist  in  the  neigbogring  seas.  The  sub-Apennine 
beds  rest  unconformably  upon  the  inclined  beds  of  the  Apennine 
range.  -It  has  been  ascertained  by  dredging  the  bed  of  the  Adriatic 
sea,'tbat  there  are  beds  now  forming  at  the  bottom,  which  closely'Te- 
sembie  beds  in  the  sub-Apennine  hills,  more  than  a  thousand  feet 
high.  There  can  be  no  doubt  that  these  sub-Apennine  beds  have 
once  formed  the  bottom  of  an  ancient  sea,  and  have  been  raised  to 
their  present  elevatV>n  by  subterranean  action.  The  occurrence  of 
numerous  volcanic  vents,  in  the  whole  of  that  part  of  Italy,  can 
leave  litde  doubt  respecting  the  agent  by  which  this  elevation  has 
been  effected. 

In  the  third  edition  of  this  work,  I  had,  oi\  the  authority  of  M. 
Brongniart,  referred  a  great  part  of  the  sub-Apennine.  beds  to  the  up-: 
per  marine  sandstone  of  the  Paris  basin,  above  the  gypseous  marl. 
Whether  any  portion  of  the  sub-Apennine  strata  belong  to  the  same 
epoch  as  the  upper  strata  in  the  Pajris  basin,  may  be  doubtful  j  Jt»u| 
we  may  safely  infer,  both  from  their  organic  remains  and  position, 
that  the  superior  sub-Apennine  beds,  bekmg  to  a  far  more  recent 
epoch  than  that  in  which  the  tertiary  strata  round  Paris  and  in  Engr 
land  were  deposited.  Mr.  Lyell,  who  has. recently  examined  this  in- 
teresting range  of  tertiary  hills,  and  from  whom  geologists  may  ex- 
pect much  valuable  information  respecdog  them,  has  extended  his 
researches  mto  Sicily,  where  he  found  that  *' there  were  many  places 
in  which  the  extinct  species  had  nearly  disappeared ;  and  that  amid 
vast  accumulations  of  marine  shells,  entering  into  the  composition  of 
mountains  of  no  inconsiderable  altitude,  nearly  all  were  specifically 
identical  with  those  now  inhabiting  the.adjoining  sea."  Accocding  to 
(he  principles  of  M.  Deshayes,  these. Sicifian  beds  must  be  more  re- 
cent than  the  sub-Appennine. 

One  thousand  species  of.  shells  have.-  been  collected  by  Signer 
Guidotio  fromrthe  sub-Apennine  beds ;  and  if  the  rules  laid  down  by 
M.  Deshayes,  respecting  this  formation,,  can  be  relied  ilpon,  the 
greater  number  of  the  species  of  shells  belong  to  existing  species ; 
and  of  these  the  greater  proportion  belong  not  only  to  existing  ^spe* 
cies,  but  to  species  inhabiting  the  neighbouring  sea.  In  Sicily,  how- 
ever, we  approach  much  Nearer  touhe  present  state  of  things,  as 
fuariy  all  the  shells  in  the  tertiary  strata  are  identical  with  living  spe- 
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cies,  and  probaUj  existed  under  conditionB  of  temperatorei  licam- 
ilar  to  what  these  latitudes  are  now  subjected  to.  Approaqhiog  the 
northern  termination  of  the  sub-Apennine  raqge  at  Sienna,  Parme, 
and  Asti/  (according  to  Mr.  Lyell,)  the  proportion  of  species  ideoti* 
fiable  with  those  now  living  id  the  Mediterranean  is  still  coosidenble; 
but  it  no  longer  predominates  (as  in  the  south  of  Italy)  over  the  un- 
known species. 

As  these  sub-Apennine  hills,  resting  on  each  side  of  the  Apeooioe 
range,  were  formed  under  the  sea,  they  must  have  been  elevated  to- 
gether with  the  Apennine  range,'  subsequently  to  their  depositioD. 
Before  this  period,  the  Apennines  were  consequently  much  lower, 
and  formed  a  narrow  mountainous  peninsula  extending  into  the  Med- 
iterranean. Their  sides  were  probably  clothed  with  forests,  and  af- 
forded food  and  sheher  to  the  elephants  and  other  large  maromalit, 
tb^  have  left  their,  bones  so  abundantly  in  some  of  the  present  val- 
leys, particularly  in  the  vale  of  Arno.  These  valleys,  it  is  supposed, 
were  once  the  beds  of  ancient  freshwater  lakes,  in  which  depositions 
were  forming  at  the  tihtie  when  the  marine  depositions  which  consti- 
tute the  beds  of  the  sub-Apennine  range  were  taking  place.  Bjlhe 
observations  of 'M.  Bertrand  deslin,  ()ublished  in  the  Jwnmii 
OiologUj  t.  iii.,  it  would  appear,  that  between  the  source  of  the 
Arno  and  Florence,  three  distinct  basins  can  be  traced.  The  beds 
of  these  basins  are  composed  of  argillaceous  blue  marl  of  consider- 
able thickness,  containing  fossils  in  the  upper  part  of  the  marl 
Above  this  are  beds  of  sand,  containing  numerous  bones  of  large 
mammalia.  These  sands  are  covered  by  beds  of  rolled  siliceous 
pebbles,  intermixed  with  sand,  above  which  there  is  a  bed  of  yellow 
argillaceous  sand.  Tbe  pebbles  appear  to  have  been  derived  from 
the  mountainous  range  on  the  north.  Neither  remains  of  nQarine 
shells  nor  lignites  occur  in  these  depositions.  The  animal  reiDains 
in  the  upper  valley  of  ^the  Arno  are  those  of  the  elephant,  the 
large  hippopotamus,  tbe  rhinoceros,  the  tapir,  the  deer,  tbe  horse, 
and  the  ox.  There  are  also  bones  of  carnivorous  animals  beloog- 
ing  to  tbe  hyena,  thei  bear,  the  fox,  and  some  species  allied  to  (he  ti- 
ger. From  tbe  character  of  the  animal  remains  we  may  infer,  that 
these  freshwater  depositions  are  of  a  comparatively  recent  date; 
they  were,  probably,  coeval  with  the  uppermost  marine  beds  in  the 
sub-Apennine  hills.  The  beds»  both  in  the  sub-Apennine  hills,  and 
in  the  valleys  of  the  Apennines,  consist  principally  of  marl,  sand,  and 
loosely  adhering  materials;  hence  they  are  exposed  to  rapid  degra- 
dation. On  the  north-east  side  of  the  Apennine  range,  in  the  dis- 
trict oT  Placenza,  there  is  a  marine  deposition  deserving.particular  no- 
tice, from  the  extraordinary  mixture  of  animal  remains  which  have 
been  found*in  it,  and  are  at  present  preserved  in  the  Museum  at  Milan. 

A  friend  of  the  author,  S.  Banfill,  Esq.  of  Exeter,  who  visited  the 
Museum  the  last  spring,  obtained,  from  the  director  of  that  iostitutiooi 
an  account  of  the  principal  organic  remains  from  this  deposicioo,  with 
a  brief  notice  of  the  kxsality,  of  which  the  following  is  a  translation :— 
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''  Organic  remabs  fiom  near  Castello  Arquata,  io  the  neighbour- 
hood of  the  aocient  Velleja,  in  ihe  dislrict  of  Plaeenza. . 

"  A  pretty  extensive  collection  of  shells, 

"  A  soiall  whale,  entire* 

"A  portion  of  another  whale,  of  a  larger  species. 

^*  The  entire  skeleton  of  an  elephant,  united  together. 

"The  head  of  a  rhinoceros,  with  some  bones. 

"Two  skeletons  of  dolphins. 

"  They  were  ail  found  in  a  confined  space,  in  the  midst  of  marine 
mud,  deposited  in  a  tranquil  sea,  at  the  present  height  of  thirteen  hun- 
dred feet."  The  director  adds,  "This singular  geological  combina- 
tion, comprehending  organic  vestiges  of  every  latitude,  resembles 
that  recently  discovered  in  New  Siberia,  at  Behring's  Straits.  Many 
emfnent  writers  have  spoken  of  it ;  among  others,  the  brothers  Bondi 
were  some  of  the  first  who  noticed  it ;  and  Signer  Corlesi,  a  land^ 
ed  proprietor  at  Castello  Arquata,  and  abthoi'  of  ^  Geological  Essays 
on  the  States  of  Parma;'  also  Signer  ^roclu,  in  his  Sub^,dpennin€ 
Fossil  CancholcgK.^^ 

The  occurrence  of  the  remains  of  large  terrestrial  and  of  marine 
mammalia  in  the  same  deposition,  may  admit  of  an  easy  explanation, 
by  observing  what  has  taken  place  in  some  parts  of  England.  On 
the  Sussex  coast,  there  was,  at  no  remote  period  of  history,  an  estu- 
ary extending  inland  from  jSfewhaven  to  near  Lewes.  This  estuary 
is  now  filled  up,  and  forms  a  level  meadow,  through  which  the  river 
winds  its  way  to  the  sea.  It  is  not  difficult  to  explain  how  the  filling 
up  of  the  estuary  was  effected  :  the  irainense  mass  of  loose  pebbles 
or  shingles  which  lie  upon  the  Sussex  coast,  change  theis  position  du- 
ring violent  storms,  and  are  accun^iilated  in  new. situations.  A  drift 
ef  pebbles,  forming  a  bank  or  bar  nea;*  the  mouth  of  the  estuary, 
would  prevent  the  sudden  return  of  the  sea  after  each  tide,  apd  re- 
tain the  water,  until  it  had  deposited  tlie  jnud  and  sand  which  it  con- 
tained. Thus,  the  estuary  would  gradually  become  shallower,  and  its 
dimensions  would  contract  from  year  to  year.  The  waters  of  the 
river  and  rivulets  which  flowed  into  the  estuary  would  also  contribute 
their  depositions  of  freshwater  mud. 

By  the  joint  operation  of  these  causes,  the  estDary  would  be  first 
Cdnveried  into  a  marsh ;  attd  when  the  drains^e  was  nAore  complete, 
this  marsh  was  converted  into  a  plain  or  meadow.  By  sinking  be- 
neath the  soil,  the  various  depositions  of  silt,  sand  and  vegetable 
matter,  prove  the  means  by  which  the  estuary  was  filled.  At  a  con- 
siderable depth,  large  vertebre  of  a  whale  where  discovered,'  and 
are  now  lo  the  niuseum  of  Mr.  Maotell,  at  Lewes.  Instances  of 
whales  entering  estuaries  at  high  tides,  and  being  unable  to  return. at 
k>w  water,  are  not  of  very  unfrequent  occurrence  on  the  coast  of 
Great  Britain.  Let  us  suppose  the  sides  of  the  hills  bounding  the 
estuary  near  Newhaven  to  have  afibrded  herbage  foi-  deer  and  oxen  ; 
their  bodies  or  bones  might  be  washed  down  into  the  estuary,  and 
^Htts  we  should  have  all  the  conditions  required  for  the  intemuxtnre 
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of  the  large  bones  of  terrestrial  and  marine  aoimals.  Let  usiarther 
suppose,  that  subterranean  6re,  like  that  which  exists  under  va- 
rious parts  of  Italy,  should  upheave  the  chalk  hills  of  the  South 
Downs,  and  all  the  surrounding  country,  to  the  height  of  two  thou- 
sand feet  above  the  present  level :  the  bed  of  the  Newhaven  estuary 
would  then  resemble,  in  all  its  essential  characters,  the  deposition  at 
Castello  Arquata,  in  Italy. 

The  freshwater  strata  at  CEningen,  near  Constance,  are,  perhaps, 
the  most  recent  of  all  that  have  been  described  as  tertiary  or  quater- 
nary formations.  Quarries  have  for  many  years  been  worked  io 
these  strata,  and  they  have  been  long  celebrated  for  the  great  variety 
of  organic  remains  which  they  contain,  consisting  of  quadrupeds, 
birds,  a  vast  number  of  fishes,  reptiles,  insects,  and  innumerable 
plants.  These  quarries  were,  for  a  considerable  time,  supposed  to 
contain  human  skeletons :  it  has  been  ascertained  by  Cuvier,  that  the 
bones  belonged  to  the  aquatic  salamander,  an  animal  nearly  reseOH 
bling  the  lizard  in  form.  The  body  is  about  four  feet  in  length,  aod 
it  had  beside  a  long  tail.  One  of  these  skeletonsis  in  the  British 
Miiseum.  The  strata  are  chiefly  indurated  calcareous  marl,  and 
freshwater  limestone  or  marlstone.  Mr.  Muichison,  who  has*  lately 
visited  the  quarries  at  (Eningen,  and  brought  from  thence  the  entire 
skeleton  of  a  fossil  fox,  has  given  a  brief  but  very  clear  descriptioD 
of  this  formation  : — 

'*  The  Rhine,  in  its  course  from  ConMance  to  Schaffhauseo,  flows 
for  many  miles  in  a  depression  of  the  molasse  (or  sandstone),  which 
being  cut  through  transversely,  is  exposed  in  bills  on  bodi  banks,  at 
heights  varying  from  seven  to  nine  hundred  feet.  '  These  bills,  con- 
sisting of  micaceous  saddstone  and  conglomerate,  form  the  western 
prolongation  of  that  great  ^nge  of  tertiary  deposits,  which  extends 
along  the  flanks  of  the  Austrian  and  Bavarian  Alps,  and  has  been 
described  by  Professor  Sedgwick  and  myself.  Tfae^  marls  and  lime- 
stone of  (Eningen  are  recumbent  on  the  molasse,  they  are  seen  in 
various  patches  on  the  sides  of  the  hills,  and  are  worked  in  two  quar- 
ries at  different  elevations  above  the  Rhine.  The  lowest  is  about 
two  hundred  feet  above  the  level  of  the  Rhine ;  the  highest  is  about 
six  hundred  feet  above  its  level.  The  marl  beds  in  both,  rest  on 
molasse,  which,  forming  th^  bottom  of  the  basin,  is  exposed  beneath 
the  lower  quaMes  in  the  denudation  of  the  Rhine,  and  rises  behind 
them  into  the  hills  of  Schienen.  It  would,  therefore,  appear,  that 
the  valley  in  which  the  Rhine  now  flows  was,  at  a  remote  period, 
deeply  excavated  in  the  molasse ;  and  that,  subsequently,  a  lake  was 
formed  in  one  of  the  broader  parts  of  the  valley,  iii  which  marls  and 
limestones  were  deposited.  The  nature  of  the  organic  remains,  and 
their  deposition  in  successive  layers,  not  enly  prove  the  k)ng  period 
of  time  which  must  have  elapsed  during  their  accumulation,  but  also 
demonstrate  the  lacustrine  origin  of  the  deposit." 

•  Mr.  Murchison  has  annexed  some  judicious  observations  od  the 
relstive  geological  age  of  the  tertiary  limestone  of  (Eningen  >- 
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^  From  th^  intermixture  of  species  undistinguishable  from  thos^^'^L  1. 1 P  H ,} 
exisiiog,  with  others  decidedly  extinct,  this  deposit  may  be  cgmcpK    oi 


»•    < 


ed  as  an  iit^portant  link  in.  the  •  history  of  the  earth's  structuiK^iAdif  rr  V  r^  ^'  T   ^ 
catmg  an  intimate  connection  between  the  ancient  state  o^Mtorcf      \^  k 

and  that  which  now  prevails.  N^'^  T  f^'^^  -"  '^^^'v  ** 

"  The  deposit  differs  e^ntially  in  its  organic  remains,  fro^i^g^  ^f  *>'  v  ^'"^  ^ 
other  freshwater  formationi  either  in  France  or  in  the  adjacent  re-* 
gions  of  Germany :  from  its  superpositioq  over  tertiary  sandstone 
(roplasse,)  this  formation  must  be  regarded  as  one  of  the  most  re- 
cent. Tet  recent  as  must  have  been  the  (geological)  epoch  of  thit 
IbrmatioQ,  the  basin  in  which  it  was  deposited  has  subsequently  been 
re-excavated  to  a  considerable  depth  :  the  proof  of  which  is,  that 
horizontal  beds  still  present  escarpments  several  hundred  feet  above 
the  Rhine,  without  any  barrier  between  them  and  tiiat  river." 

As  no  bones  of  elephants  or.  mastodons  have  been  discovered  in 
the  strata  of  CEningen,  and  as  the  plants  and  animals,  for  the  most 
part,  resemble  existing  species,  it  is  reasonable  to  believe  that  the 
mean  temperature  of  this  part  of  the  globe  had  considerably  decrease 
ed,  and  that  the  country  round  (Eningen  could  no  longer,  support 
theplants  and  animals  of  tropical  climates. 

The  strata  of  OBningen  may  be  regarded  as  posterior  to  many  of 
the  beds  or  accumulations  of  clay,  sand,  and  gravel,  in  England  and 
other  countries,  that  contain  the  remains  of  elephants,  hippopotami, 
and  other  inhabitants  of  warm  regions.  These  beds  (called  diluvial 
and  alluvial,)  together  irith  vast  tracts  of  movable  sandt  cover  no 
small  portion  of  our  present  continents :  they  may  be  regarded  as 
the  loose  vestments  of  the  globe.  Their  description  will  be  deferred 
till  we  complete  the  account  of  the  &xed  and  solid  parts,  presented 
to  observation  by  volcanoes,  and  the  repositories  of  metallic  ores. 


• 

The  County  of  Norfolk  appears  to  be  the  iJllima  TTiult  of  Eng- 
lish geologists,  who  know  less  of  the  crag  of  that  county  and  of  Suf- 
folk than  would  probably  have  been  the  case,  had  its  locality  been 
beyond  the  Carpathian  mountains.  I  have  never  had  an  opportune 
ty  of  examining  this  singul9r  formation,  and  scarcely  any  thing  was 
known  respecting  it  before  Mr.  Taylor's  account  was  published  id 
1827.  We  may,  however,  soon  expect  a  more  full  and  satisfactory 
description  of  the  crag,  in  Mr.  Samuel  Woodward's  forthcoming  vol-* 
ume  on  the  Geology  of  Norfolk.  While  the  present  sheet  was  pass- 
ing through  the  press,  I  received  from  that  gentleman  the  following 
account  of  the  extent  of  the  crag  : — ^Its  western  boundary  may  be 
traced  from  near  Weyborn,  on  the  northern  coa^,  to  Norwich,  and 
from  thence  to  Buneay ;  and  from  this  place  a  line  drawn  along  the 
map  of  Suffolk  to  Halesworth,  Wickham-market,  Woodbridge,  and 
Ipswich,  gives  its  western  outline  in  that  county.  The  eastern  boun- 
dary of  the  crag  trends  off  to  the  sea. 
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CHAPTER  XVni. 


Oir  feARTdqUAKES   AND  TOLCAMOSS. 

'  • 

t^bMbtnetia  that  precede  the  Shock  of  an  ^arthqutke.— Extent  to  which  the  Wt* 
ttn  in  Lakes  and  Sprinrs  are  ablated  during  Earthquakes.^EztCDt  to  i^hicli 
Earthquakes  are  felt  on  Land. — More  severe  in  Mountains  than  in  level  Coon- 
tries.->Connection  between  Earthquakes  and  Volcanoes. — Electrical  Earth- 
flQak«s.— First  Appearance  of  a  volcano. — Common  Phenomena  ttlciidiBg 
Volcanic  Eruptions.— Reroarkable  Eruption  of  Sumbawa  in  18l5.^LoBg  Peri- 
ods of  Repose  in  soqie  Volcanoes. — Volcano  of  Popocateptl  in  Mexico.—Sob* 
tiiarinfe  Volcanoes ;  their  Appearance  preceded  by  violent  Adtaiion  of  the  Sea 
— Sabmarine  Volcaooes  in  the  Azores— in  the.  Grecian  Archipelago.— Rjk** 
Submarine  Volcano  near  Sicily. — Craters  of  Eruption.— Craters  of  ElevaiioD.— 
Theory  of  Vbn  Buch  confirmed  by  analogbus  .Geological  Facts.— ErnptioDs  of 
Mad  and  Water  from  Volcanoes.— Groups  of  Volcanic  Islands.— Pall  ^^^'^ 
tinetioBofa  Volcano.-^ Vast  Extent  of  some  ancient  Volcanoes.— ExiiDCiVoK 
eanoes  of  Central  France. — ^Ppy  de  Pariou.  the  best  preserved  of  ancient  Volct- 
noes.— Extinct  Volcanoes  in  Germany  and  Asia. — Pseudo- Volcanoes.— Volci- 
nic  Roclc^and  Products.-«-ObservationB  on  Volcanic  Firti. 

AccTTSTOHED  to  View  the  hills  in  oiir  oi;^  country  in  a  9l«l6  of 
profound  repose,  presenting  .in  each  succeeding  year,  the  sameoo* 
varied  outline,  we  can  scarcely  conceive  the  possibility  of  a  ^bote 
district  being  covered,  in  the  space  of  a  single  night,  with  new  moao* 
tains  and  another  soil ;  yet,  within  the  limits  of  authentic  histoiy, 
aiich  changes  have  been  produced, "by  the  united  agency  of  earth- 
quakes and  volcanoes.  For  a  particular  description  of  recent  Vol- 
canic eruptions,  and  the  changes  they  have  produced  on  the  surroond* 
ing  countries,  I  nriust  refer  the  reader  to  the  works  of  SpaH8Ti2«o«» 
Doloinieu,  Sir  William  Hamilton,  and  M.  Htmiboldt,  and  to  the  re- 
cent account  of  the  Island  of  Java,  by  Lieutenant-Governor  Raffles. 
.  In  the  present  chapter  I  propose,  1st,  to  describe  those  phenome- 
na that  indicate  the  connection  between  earthquakes  and  volcanoes, 
and  between  the  volcanoes  in  distant  countries  ;  3dly,  to  take  a  view 
of  the  most  remarkable  recent  volcanic  eruptions,  and  of  the  remains 
of  ancient  volcanoes,  that  prove  the  extensive  action  of  internal  beat 
on  the  crust  of  the  globe ;  and,  3dly,  to  give  a  concise  account  of 
volcanic  rocks  and  products. 

Earthquakes  and  volcanoes  may  be  considered  as  different  effects, 
produced  by  the  agency' of  subterranean  6re.  They  frequently  ac- 
company each  other  ;  and^  in  all  instances,  that  have  b6en  observe<l, 
the  first  eruption  of  a  volcano  is  preceded  by  an  earthquake  of  great- 
er or  less  extent.  Volcsinoes  do  not  make  their  appearance  in  every 
country  where  tjie  shock  of  an  earthquake  is  felt :  but  earthquakes 
arc  more  frequent  in  volcanic  districts  than  in  any  other.    Eartn- 

Juakes  are,  almost  always,  preceded  by  an  uncommon  agitation  of 
16  waters  of  the  ocean,  and  of  lakes.     Springs  send  forth  torrents 
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of  mud,  accompanied  with  a  disagreeable  stench.    The  air  is  gener* 

ally  calm,  but  the  cattle  discover  much  alarm,  and  seem  to  be,  iq* 

stiDCtively,  aware  of  approaching  calamity.    A  deep  rumbling  noisOt 

like  that  of  C9rriaf;e3  over  a  rough  pavement — a  rushing  sound  lik^ 

wind— -or  a  tremendous  explpsion  like  th6  discharge  of  artillery i-^ 

iminediaiely  precede  the  shock,  which,  suddenly,  heaves  the  ground 

upwai:ds,j)r  tosses  it,  from  side  to  side,  with  violent  and  successii^ 

vibrations4     The  shock  seldom  lasts  longer  than  a  roii^ute  ;  but.it  i| 

frequently  succeeded  by  others  of  greater  or  less  violence,  «biel^ 

for  a  considerable  time,  continue  to  agitate  the  surface  of  the  earthy 

Duriog  these  shocks,  large  chasms  and  openings  are  made  in  tb^ 

ground,  through  which  smoke  and  flames  are  seen  to  issue  ;  theafi 

sometimes  break  out  where  no  chasms  can  be  perceived.    More  fre« 

quen^ly,'  stones,  or  torrents  of  watery  are  ejected  from  these  opeq^ 

logs.    In  violent  earthquakes,  the  chasms  are  so  extensive,  tliat  large 

cides  have,  in  a  moment,  sunk  down  and  for  ever  disappeared,  leavt> 

ipg  a  lake  of  water  in  the  place.     Such  was  the  bte  of  Eupherota  isk 

Calabria,  in  1638,  as  described  by  Kircher,  who  was  approaching 

the  place,  when  the  agitation  of  ,tbe^  ocean  obliged  him  to  land  at 

Lopizicum.    "  Here/'  sa^rs  he,  '*  scenes  of  ruin  every  whe^e  appear^ 

ed  around  me :  but  my  attention  was  quickly  turned  from  more  r^f 

mote  to  contiguous  danger,  by  a  deep  rumbling  sound,  which  every 

moment  grew  louder.    The  place  where  we  stood  shook  most  dread" 

fully.     After  some  time,  the  violent  paroxysm  ceasing,  I  stood  up, 

and  turning  my  eyes  to  look  for  £uphemia«  saw  only  a  frightful  black 

cloud.    We  waited  till  it  had  passed  away,  when  nothing  bqt  a  jith 

maJ  and  putrid  lake  was  to  be  seen  where  the  city  once  stood.''  . 

The  extent  to  which  earthquakes  produce  sensible  effects  on  the 
waters  of  springs  and  lakes  in  distant  parts  of  the  world,  is  truly  i^ 
markable.  During  the  earthquake  of  Lisbon,  in  1775,  almost  all 
the  springs  and  lakes^  in  Britain,  and  every  part  of  Europe,  werQ 
violently  agitated,  many  of  them  throwing  up  o^ud  and  sand,  an4 
emitting  a  foetid  odour.  On  the  morning  of  the  earthquake,  the  hot 
springs  at  Toplitz,  in  Bohemia,  suddenly  ceased  for  a  nnnute  to  floWi 
and  then  burst,  forth  with  prodigious  violence,  throwing  up  turbid  w%t 
ter,  the  temperature  of  which  was  higher  thap  before ;  it  is  said  tp 
have  continued  so,  ever  since*  The  hot  wells  at  Bristol  were  col- 
oured fed,  and  rendered  unfit  for  use,  for  some  months  afterwards, 
Even  the  distant  waters  of  Lake  Ontario*,  in  Nprth  America,  wer^ 
fiolently  agitated  at  the  time.  These  phenomena  offer  proofs  of  sub^ 
terraneao  communications  under  a  large  portion  of  the  globe;  thev 
also  indicate,  that  a  great  quantity  of  gas  or  elastic  vapour  was,  sudr 
denlyi  generated  and  enc^eavouring  to  espape.    From  the  fo&tid  odpWT 

*  It  has  been  observed  during  many  eathqnakes  in  the  Eastern  States,  that  the 
sahterraBean  noise  and  motion  appeared  to  commence  from  the  Lakes,  and  f  rcK 
cs|yldMnr49  ^  AtiSAtiP  Osa9A»  in  a  ^iroqtiun  from  the  north-weqt. 
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perceived  in  some  mtuations,  it  tnay  be  inferred,  that  this  gas  is  hy- 
drogen or  sulphuretted  hydrogen.  ^  In  other  instances,  it  may  be 
steam,  which  condensing ,  again  would  produce  a  vacuum,  and  oc- 
casion the  external  air  to  press  downwards ;  this  has  been  obseired 
in  mines,  immediately  after  the  shock  of  an  earthquake. 

The  space  over  which  the  vibration  of  4he  dry  ground  is  felt  is  veiy 
great,  but  generally  wider  in  one  direction  than  another ;  and  where 
A  sticcession  of  earthquakes  has  taken  place  in  the  same  district,  it 
is  observed  that  the  noise  and  shock  approach  from  the  same  quaN 
ter.  It  has  been  before  mentioned,  that  the  earthquakes  are  most 
frequent  in  volcanic  districts ;  but  the  shocks  are  not  the  most  violeot 
in  the  immediate  vicinity  of  vokanoes.  On  the  contrary,  they  are 
str6nger  in  the  more  distant  part  of  a  volcanic  country.  The  grouod 
is  agitated  with  greater  force,  as  the  surface  has  a  smaller  number  of 
apertures  cohimumcating  with  the  interior.^  "At  Naples  and  Messioa, 
ftud  at  the  foot  of  Cotopaxi  and  Tungurahua,  earthquakes  are  dread- 
ed  only  when  vapours  and  flames  do  not  issue  from  the  craters."— 
Humboldt, 

The  connexion  of  earthquakes  with  volcanoes  was  noticed  by  an- 
cient writers,  and  the  latter  were  properly  regarded  as  the  opeoiogs 
through  which  the  inclosed  vapour  and  ighited  matter,  that  occasioo 
earthquakes,  found  a  passage.  Strabo,  in  his  Geography,  states,  diat 
**  the  town  of  Regiuro,  situated  on  the  Italian  side  of  the  Straits  of 
Messina,  was  so  called,  according  to  ^schylus,  from  the  circum- 
Btance  that  the  island  of  Sicily  was  rent  off  from  the  continent  by 
earthquakes.  Proofs  of  this  arise  out  of  the  phenomena  attending 
JEtna,  and  other  parts  of  Sicily  and  the  Lipara  Islands,  and  even  the 
opposite  continent.  Now,  indeed,  when  craters  are  opened,  through 
which  fire  and  ignited  matter  and  water  are  poured  put,  it  is  said  that 
the  land  near  the  Straits  is  seldom  shaken  by  earthquakes :  but  for- 
merly, when  all  the  passages  to  the  surface  were  obstructed,  the  fire 
And  vapour  confined  in  the  earth  occasioned  frequent  earthquakes, 
And  the  land,  being  rent,  admitted  the  ocean.  ^  At  tbe  same  time, 
Prochyta  and  an  adjacent.island  were  also  torn  off  from  the  continent, 
while  other  islands  rose  from  the  ocean,  as  frequently  happens  at 
this  day." — (Strabo  flourished  in  the  reign  of  Augustus.) 

It  is  highly  probable  that  every  extensive  earthquake  is  followed 
by  a  volcanic  eruption,  more  or  less  reinote,  unless  (as  not  unfre- 
quently  happens)  the  elastic  vdpour  immediately  escapes  from  fissures 
made  at  the  time,  in  the  countries  that  are  the  most  violently  coovul- 
eed.  An  earthquake  was  strongly  felt  in  Geneva  when  I  was  there, 
February  19,  1822,  and  did  considerable  damage,  in  several  towns 
and  villages  in  Savoy  and  France.  A  few  weeks  afterwards,  I  trav- 
elled from  Geneva  to  Lyons,  and  from  thence  to  the  ancient  volca- 
noes near  Clermont.  In  the^  course  of  my  route,  I  made  frequent 
inqqiries  respecting  the  effects  of  the  earthquake :  it  appeared  to 
have  been  moat  strongly  felt  afong  tbe  valley  of  the  Rhone,  and  tbe 
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shock  was  not  less  severe  in  the  volcanic  district  of  Auvei^e ;  its 
direction  was  from  the  south-east :  and  on  that  day  and  the  following 
there  were  several  eruptions  from  Vesuvius. 

The  frequency  of  earthquakes,  at 'particular  periods,  is  well  deser> 
vJDg  of  notice.  In  thte  fourth  and  fifth  centuries,  some  of  the  most 
civilized  parts  of  the  world  were  almost  desdated  by  these  awful 
viskatioDS.  Thrace,  Asia  Minor,  and  Syria,*  according  to  cotempo- 
rary  historians,  suffered  most  severely  :  the  earth  was  agitated  contin- 
ually for  long  periods,  and  flames  were  s^en  to  burst  from  the  earth, 
over  a  vast  extent  of  surface.  On  the  26th  of  January,  A.  D.  447, 
subterranean  thunders  were  heard  from  the  Black  to  the  Red  Sea, 
and  the  earth* was  convulsed,  without  intermission,  for  the  space  of, 
six  months;  in  many  places,  the  air  seemed  to  be  on  fire ;  towns  and 
large  tracts  of  ground  were  swallowed  up  in  Phrygia.  On  the  30th 
of  May,  A.  D.  520,  the  city  of  Antioch  was  overturned  bv  a  dread- 
ful  earthquake,  and  two  hundred  and  fifty  thousand  of  its  mhabitanta 
are  said  to  have  been  crushed  in  ruins.  A  raging  fire  covered  the 
ground  on  which  the  city  was  bulk,  and  the  district  around ;  spreading 
over  an  extent  of  forty-two  miles  in  diameter,  and  a  surface  of  four- 
teen hundred  square  miles.    * 

About  the  middle  of  the  last  century,  after  theearthquakeat  Lis- 
bon, Europe,  Africa,  and  America,  were,  for  some  time,  repeatedly 
agitated,  by  subterranean  explosions ;  as  may  be  seen  by  referring 
to  the  journals  of  that  time.  £tna,  which  had  been  in  a  state  of 
profound  repose  for  eighty  years,  broke  out  with  great  activitv ;  and, 
according  to  Humboldt,  son^e  of  the  most  tremendous  earthquakes 
and  volcanic  eruption?  ever  recorded  in  history  were  witnessed  in 
Mexico.  In  the  night  of  the  19th  of  September,  1759,  a  vast  vol« 
cano  broke  out  in  a  lofty  cultivated  plain ;  a  tract  of  ground  more 
than  twelve  miles  in  extent,  rose  up  like  a  bladder  to  the  height  of 
five  hundred  and  twenty-four  foet,  and  six  new  mountains  were  form- 
ed, higher  than  the  Malvern  Hills,  in  Worcestershire.  More  recently 
(in  1812)  the  tremendoiis  earthquakes  in  the  Caraccas  were  follow- 
ed bj  an  eruption  in  the  Island  of  St.  Vincent's,  from  a  volcano  that 
had  notjbeen  burning  since  the  year  1718;  and'  violent  oscillations 
of  the  ground  were  felt  both  in  the  islands  and  on  the  coasts  of  Ameri- 
ca. It  may  be  inferred  from  these  circumstances,  that  the  cause  of 
earthquakes  and  volcanic  eruptions  is  seated  deep  below  the  surface 
of  the  earth;  in  confirmation  of  which,  it  will  only  be  necessary  to 
state,  that  on  the  same  day  on  which  Lisbon  w^s  nearly  destroyed, 
all  Europe,  and  ar  great  part  of  northern  Africa,  felt  the  shock  more 
or  less  severely :  its  effects  were  also  sensible  across  the  Adantic, 
both  in  the  United  States  and  the  West  Indies.  Incredible  as  it 
may  seem,  one  fourth  of  the  northern  hemisphere  was  agitated  by  the 
same  earthquake.  The  bed  of  the  Atlantic  was  raised  above  the 
surface  of  tne  ocean,  and  flame  and  vapour  were  discharged :  this 
was  ol^rved  by  vessels  at  sea.    If  we  take  a  terrestrial  globe,  and 


S$4  EABTH(^UAKS8« 

* 

cover  those  parts  of  it  that  were  thus  affi^cted  by  the  earthquake  wkb 
black  crape,  we  shall  obtain^a  more  distinct  idea  of  the  extent  of  tor* 
face  shaken,  than  a  mere  verbal  descripiioa  can  convey.  This  ap- 
pears to  have  been  one  of  the  most  severe  shocks  that  the  old  ooo- 
tinent  bad  experienced  for  several  centuries*  The  cause  wbicb 
could  effect  a  simultaneous  concussion  over  such  a  vast  exteoti  rouH 
probably  have  been  seated  nearly  midway  between  the  centre  of  th9 
globe  and  its  surface. 

It  has  been  remarked,  that  in  general,  earthquakes  are  more  se- 
verely felt  in  mountainous  than  in  low  countries :  this  might  be  ex- 
pected from  the  structure  of  the  earth.*  In  alpine  disu-icts,  the  pri- 
mary mountains  are  not  pressed  with  the  incumbent  mass  of  seoond- 
'  ary  rocks;  and,  consequently,  in  such  situations,  the  resistance  to  a 
force  acting  from  beneath  will  be  much  less,  as  all  the  weight  of  sec- 
ondary rock  is  removed.  In  very  violent  earthquakes,  the  second- 
ary strata  ar^  broken  or  agitated ;  but  proofs  are  not  wanting,  of  lea- 
ser vibraik>os  being  sto|)ped  by  their  pressure.  Humboldt  ssys,  be 
haa  seen  workmen  hasten  from  tbe  mines  of  Marienburgb,  in  Saxo- 
ny, alarmed  by  agitations  of  the  earth  that  were  not  felt  at  the  sa^ 
face.  During  the  earthquake  at  Lisbon,  the  miners  in  Derbyshire 
felt. the.  rocks  move,  and  heard  noises  which  were  scarcely  perceiv- 
ed by  those  above.  That  an  expansive  force,  acting  from  beDeaib^ 
is  the  proximate  cause  of  earthquakes,  can  scarcely  be  denied;  and 
the  prodigious  power  of  steam,  when  suddenly  generated,  aeenu 
e<^ual  to  their  production,  if  the  quantity  be  sufficif  ntly  great,  k  » 
laid,  that  a  single,  drop  of  water  falling  into  a  furnace  of  melted  cop- 
peri  will  blow  up  the  whole  building.  This  may  be  an  exaggerated 
statement  i  but  tbe  prodigious  force  of  steam  at  high  temperatores  it 
frell  known,  and  there  can  be  no  difficulty  in  admitting,  tliat  if  a  cu^ 
rent  of  subterranean  water  were  to  find  access  to  a  roasa  of  la?a  ma- 
ny miles  in  extent,  and  most  intensely  heated,  it  would  produce  ao 
earthquake  more  or  less  violent,  in  proportion  to  the  quantity  of  steam 
generated,  aqd  its  distance  from  the  surface.  When  the  bydrogeo 
gai  expbded  in  a  mine  near  Workington,  in  Cumberland,  a  shock 
like  that  of  an  earthquake  waa  felt  by  ships  in  the  river,  at  tf o  viW^ 
distance. 

Tbe  horrid  crash,  like  the  rattling  of  carriages,  which  precede! 
earth<)uakes,  may  be  occasioned  by  tbe  rending  of  tbe  rocksi  or 
parting  of  the  strata  through  which  the  confin^  vapour  is  forcing  t 
passage. 

AH  the  phenomena  that  accompany  earthquakes  indicate  tbe  in- 
tense operation  of  elastic  vapour,  expanding  and  endeavouring  toe^ 
cape  where  tbe  leaat  resistance  is  presented,  and  producing  vibft* 


*Sef 
actioDs 


I A  pafNer  on  Earthquake?,  by  tlie  Rev.  Mr.  Mitchell,  Pliilo9opl)i(|f  1*1^^ 
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lidod  of  the  solid  strat&.  The  intimate  conneetioo  between  eartli* 
quakes  end  volcanic  agency,  is  too  obvious  to  require  much  illustra«' 
tion.  All  volcanic  eruptions  are  preceded  by  eartbquakes,  of  great* 
er  or  lesi  extent  |  but  all  earthquakes  are  not  attended  by  voh»^ 
bic  eruptions.  The  elastic  vapour  may  sometimes  find  vent  through 
existing  fissures  and  *  apertures  |  or,  the  Iqueous  vapour  may  meet 
^ith  subterranean  currents  of  cold  water,  and  suddenly  collapae^  pn>- 
ducing  a  second  earthquake  in  a  contrary  direction.  In  commofe 
language,  the  agitation  of  the  ground,  when  the  surface  is  not  brok*> 
en,  is  called  the  sliock  of  an  earthquake.  Since  the  records  of  tii^ 
tory,  there  have  been  no  earthquakes  in  Great  Britain  equal  in  inten^ 
sity  to  what  have  taken  place  in  the  sputhem  parts  of  Europe.  In 
the  year  1347,  a  general  earthquake  is  said  to  have  extended  over 
Enghod;  it  threvr  down  the  church  of  8u  Michael's,  on  the  Hill  at 
Glastonbury.  The  greatest  earthquake  recorded  to  England,  took 
place  November  14^  1318.  On  April  the  6th,  1580,  an  earthquake, 
felt  in  London  and  Westminster,  threw  down  a  part  of  St.  raulVi 
church,  and  of  the  Temple  church.  Perhaps,  in  the  present  timet 
ten  years  seldom  elapse  without  the  shock  of  an  earthquake  being 
felt  in  some  part  of  Great  Britain ;  but  these  are  too  feeble  to  re- 
quire historic  notice.  We  have  evidence,  however,  of  mighty  eartb- 
J|uakes  having  shaken  the  surface  of  this  part  of  the  gh>be.  The 
aults  and  dislocations  of  the  strata,  of  which  some  account  has  been 
given  in  different  parts  of-  the  present  volume,  must  have  been  ae- 
eompfanied,  during  their  fohnation,  with  more  violent  agitatk>n  of  the 
grormd  than  any  recorded  in  history ;  but  it  is  probable  that,  at  that 
period,  the  land  which  now  forms  Great  Britain  had,  only  partially, 
emerged  from  the  ocean* 

Soon  after  the  discovery  of  the  Leyden  Phial,  many  Datura!  phe- 
nomena were  ascribed  to  electric  action,  and. earthquakes  were  sop- 
posed  to  be  the  resuh  of  electric  shocks,  acting  with  great  intensity 
in  the  ieterior  of  the  earth.  The  electric  theory  of  earthquakes  was 
soon  discarded  as  untenable ;  but  Aow,  when-  the  identity  of  mag- 
netic and  electric  agency  seems  in  maVty  respects,  to  be  estabiished, 
it  may  deserve  consideration,  whether  an  interruption  to  the  magnet- 
ic or  electric  currents,  which  circulate  tlircNSgh  the  earth,  may  not, 
sometimes,  occasion  earthquakes, 'acting  almost  instantaneously  over 
larg^  portions  of  the  globe. 

If,  as  some  philosophers  maintain,  there  is  a  central  fire  under 
every  part  of  the  globe,  or  if  certain  spaces  only  are  filled  with'ig- 
tiited  matter,  we  can  scarcely  doubt  that  chemical  changes  are  tak- 
mg  place,  which  wiH  also  change  the  electrical  relations  between 
mineral  beds.  A  series  of  strata  may  act  like  the  plates  of  an  inl- 
mense  voltaic  battery,  and  discharge  the  electri.city  from  one  mter- 
nal  M|rt  of  the  globe  to  another,  exciting  vibrationa  tliat  may  agitate 
a  vn^B  hemisphere.  I  was  informed  by  a  gentleman  who  resided, 
several  years,  near  the  feet  of  the  Himmahlaya  mouatainSy  that  piak 
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of  subterranean  thunder  were  sometimes  beard  which  resembled 
mospberic  thunder,  but  were  inconceivably  louder  and  more  ap| 
ling :  tbey  were  followed  by  earthquakes.    HumboMt  also  mentii 
the  frequency  of  subteraoean  thunder  in  some  districts  bordering  i 
Andes. 

In  volcanic  phenomena,  we  observe  a  cause  in  present  acdiity, 
that  can  overthrow  mountains,  form  new  islands,  and  raise  up  the 
bed  of  the  ocean :  hence  the  geologist  may  infer,  that  the  same 
cause,  acting  with  greater  intensity  and  more  extensively,  has  beeo 
the  agent  employed  by  the  Author  of  nature,  to  elevate  new  aod 
iobmerge  ancient  continents,  and  to  change  and  renovate  the  surface 
of  the  globe.  We  are  indeed  acquainted  with  no  other  natural  ageot 
that  can  have  effected  the  mighty  changes  which  the  crust  of  oar 
planet  has  undergone.  The  products  of  volcanoes,  particolarly  of 
ilDcient  ones,  are  arialogous  in  their  composition  atid  internal  st^u^ 
ture  to  the  oldest  rocks  of  granite,  sienite  and  porphyry,  and  indi- 
cate not  obscurely,  the  mode  in  which  these  rocks  were  formed: 
hence  the  study  of  volcanoes  and  volcanic  rocks,  b  an  important 
branch  of  the  science  of  geology.  Werner  and  his  disciples,  how- 
ever, held  that  volcanoes  were  produced  merely  by  the  igoitioa  of 
beds  of  coal,  in  the  secondary  strata. 

Volcanoes  are  openings  made  in  the  earth's  surface  by  ioteroal 
fires ;  they,  regularly,  or  at  intervals,  throw  out  smoke,  vapour,  flame, 
large  stones,  sand  and  melted  stone  called  lava.  Some  volcanoes 
throw  out  torrents  of  mud  and  boiling  water.  Volcanoes,  most  fre- 
quently, exist  in  the  vicinity  of  the  sea  or  large  lakes,  and  also  break 
out  from  unfathomable  depths  bek>w  the  surface  of  the  ocean,  and 
form  new  islands  and  reefs  of  rock.  When  a  volcano  breaks  out  in 
a  new  situation,  it  is  preceded  by  violent  earthquakes,  the  heated  sur- 
face of  the  ground  frequently  swells  and  heaves  up,  until  a  fissure  or 
rent  is  formed  sometimes  of  vast  extent.  Through  this  opening  masses 
of  rock,  with  flame,  smoke  and  lava,  are  thrown  oiut,  choke  up  part  of 
the  passage,  and  confine  (he  eruption  to  one  aperture  or  more,  round 
which  conical  hills  or  mountains  are  formed.  The  concavity,  in  the 
centre,  is  called  the  crater.  The  indicauons  of  an  approaching  erup- 
tion from  a  dormant  volcano,  are  an  increase  of  smoke  from  the 
summit,  which  sometimes  rises  to  a  vast  height,  branching  in  ^ 
form  of  a  pine  tree.  Tremendous  ejEplosions,  like  the  firing  of  a^ 
tillery,  commence  after  the  increase  of  smoke,  and  are  succeeded 
by  red  coloured  flames,  and  showers  of  stones.  At  length,  the  lava 
flows  out,  from  the  top  of  the  crater,  or  breaks  through  the  sides  of 
the  mountain^  and  covers  the  neighbouring  plains  with  melted  matter, 
which,  becoming  consolidated,  forms  a  stony  mass,  often  not  less 
than  some  hundred  square  miles  in  extentj  and  several  yards  in  thick- 
ness. The  eruption  of  lava  has  been  known  to  continue,  jareral 
months.  Intensely  black  clouds,  composed  of  a  kind  of  duk^pout- 
t  ed  sand  or  powder,  improperly  called  ashes,  are  thrown  out  of  (be 


crater,  after  ihe  hva  ceas^  to  flow^  and  soinetinies  ^at  nooA  day  iot 
vol^e  tbe  surropading  coimtry  in  total  darkness.  .Towards  ike  ooo" 
elusion^  the  colour  of  the  volcanic  sand  changes  to  white :  it  consists 
of  pufnicB  in  a  .fitely  com^)inut^d.  state.  JDuring  an  eruption  of 
iEtna,  a  space  of  one  hundred  and  fifty  miles  ib  circuit  was  covered 
with  a  stratum  of  volcanic  sand  or  ashes  twelve  fe^t  thick/  When 
the  lava:£ows  freely,  the  earthqoakes  and  expk)sioDs  become  less  vio- 
lent; iirhicfa  proves  thax  they  were  oCcasioqed  by  the  confit^emeQt 
of  the  erupted  matter,  bott^  gaseous  and  solid.  The  smoke  and  va- 
pour gf  volcanoes  are  highly  electrical.- 

The  quantity  of  lava  thrown  outiduring  a  single  eruption  of  a.  vol- 
cnno,  seems :alni6st  inofedrbie  to  those  who  have  not  observed  volca- 
nic poimtriesu  Kircher,  in  his  J^undus  Subterraneus^  lib.  vi^  cap. 
B.,  published  in  IrGGO,  says,  that  the  e}eotioil9of  Mount  i£tni(  would 
iC  collected,  fofm  a  mass  twenty  times  .as,  Ikpge  as  ihe  mountain  k^ 
seKi  and  a  few  years  ilfterwards,  viz.-  in  1,669,  the  satne  n)ountain 
covered  with  a  fresh  current  of  lava  eighty  four  square  mQes;  and 
again  in  1775,  according  to  Dolomieu,  the  same  vqleat^o  poured. out 
another  stream  of  lava,  twelve  miles  in  length,  one  mile  and  a  half  Id 
breadth,  and  two  hundred  feet  in  height.  Hen^e  it  is  .evidlsnt  that 
the  seat  of  the  fire  is  not  in  the  mountain  itself,  .but'deep  in  the  earth : 
the  volcano  is  not  the  furnace,  but  the*chimqey ;  and  it  wiH  be  necessa* 
ry  to  be^r  this  in  mind,  if  we  would  form  an  aidequate  idea,  of  the  exten*^ 
sive  effects  of  volcanic  action.  Setieca  appears  lo  hj^ve  formed  a  dia* 
tinct  dption  of  the  seat  of  volcanic  firey  when  he  remarks,  tbaC  the  vol-^ 
cano. does  not  supply  the  fire,' it  only  afibrds  it  a  passage  "mi  ip$o 
moritenon'alitl^nium  habet  sed  vuim."  .  Tfa0  largest  known  curren^^ 
modem  lava  Was  formed  by  a  volcano  in  Jcejaod  in  1783 ;  it  ia,  lixtf 
miles  in  length,  and  twelve  broad,  equalling  in  extent  any  ^ootinuoiM^ 
rock  ibrmation  in  Engbnd.  The.  most  extraordinary  volcanic  erup- 
tion recordeid  in  history  for  the  extent  of  its  efiects,  took  pla^Q  in 
Siatnbawa,'9ne  o(  the  Molucca  Islands,  in  April,  1815.  It  is  des- 
cribed in. the  history  of  Java,  by  Lieutenant  Governor  Raffles. 

^  This  ^roptioh  extended,  perceptible . evidences  of  its  exidlsnice 
over,  the  whole  of  the  Molucca  Islands,  over  Java,-  a  considerable 
portion  of  Celebes,  Sumatra,  and  Borneo,  to  a  circumference  of  a 
thousand  statute  miles  from  its  centre,  by  tremulous-motions  and  the 
report  of  explosions ; .  while  within  the  range  of  its  more  immediate 
activity,  eipbr&cing.a  spatie  of  three  hundred  miles  around,  it  produ- 
ced the.  most  astonishing  effects,  audi  excited  the  most  alarming  ap- 
prehensions. In  Java^  at  the)  distance  of  three  hundred  miles, « it 
seemed  to.be  awfully  present.  The  sky  wa?  overcast  at  noondiy 
with  clouds  of  ashes  ;abe' sun  was  enveloped  in  an  .atmosphere, 
wtiose  '  palpable'  deusky  he  was  unable  to  penetrate ;  showers  of 
ashes jyver'ed  the  houses,  the  stre^ets  and  the  fields,  to  the  depth -of 
severfBiches ;  and  amid  this  darkness,  explosmns  were  hdard  nt 
intervns,  like  the  report  of  artiHery  or  the  noise  df  distant  thunder. 

33 
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So  fully  did  the,  resemblance  of  the  noises  to  tbe  report  of  cannos 

.  impres^'the  mirtds  of  some  officer^' tl>at,  fropa  an  apprebeosiQD  of 
pirates  00  the; coast,  vessels  were  dispatched  to  affisrd  relief.  Su- 
perstition ^on  the  other  band,  was  busijy  at  work  op  tbe  .minds  of  tbe 
natives,  and  attr'tbuted  tbe  reports  to  an  artillery  of  a  different  <ie5- 
cription  to  tha^  of  pirates*  Alt  conceived  tbat  the  effects  experien- 
ced might /be  caused  fay  eruptions  6f  seme  of  the.  numerous  volca- 
noes on  the  island;  but  po  one  could  have  conjeetureddiatth^  show- 
ers of  ashes  which,  darkened  the  air  and  covei'ed  tbe  ground  of  the 
eastern  districts  of  Java,  could  have  proceeded  frokn  t  moumaia  in 
SumbawH)  at  the  distance  of  several  hundred  railed/' 

'  The  lieutenan^governor  of  Java  directed  a  circular  \q  the  dife- 
«nt  tesrdents,  requiring  thetn  to  transmit  to  the  governor  a  statement 
of  the  facts  .and  circumstances  connected  with  this  eruption.    Tbe 

'  tnost  remarkable  circuipstance  attending  this  eruption^  is  the  distance 
at'Wfaich.ih'e.expJoslons  were  beard  in  the  islands  of  the  Indian  Sea. 
^«'From  Sumbawa  to  the  part  of  .Sumatra  where  the  sound  wasop- 
ticed,  is  about'nine  hundred  and  seventy  geographical  miles.  From 
Sumbawa  to  Ternate,  is  a  distance  of  about  seven  hundred  and  twenty 
iptles.  The  distance  to  which,  the  cloud  of  ashes  was  carried  so 
thickly  as  ao  produce  utter  darkness  was  clearly  pointed  out  to  be 
the  Island  of  Qelebes,  and  tbe  district  of  Grisik  in  Java ;  the  (ormer 
two  hundred  and  seventeen  nmnical  miles  in  a  direct  line,  the  liuer 
more  than  three  hundred  geographical  miles.''  The  greatest  dis- 
tance'at  which  jtbe  eruption  of  any  volcano  had  been  pre^ou^ 
heardy  is  sis*  hundred  miles :  according  to  M.  Humboldt,  the  eiplo- 
fiions  from  Cotqpaxi  are  ^metinries  sensibly  hearfl  at  that  distance 
from  the  volcano,  which 'is  ooe-of  the  largest  and  highest  in  tbe 
American  contiqent.  \  • 

•The  Jong  period  of  repose  which  sometimes^  takfes  place  between 
two  eruptions  of  the  same  volcano,  is  particularly  remarkable.  Ffom 
:tbe  building  of  Rome  to  the  79th' year  of  the  Christian  era,  ttomen- 
'  tionls  made  of  Vesuvius,  tliough  it  had  evidently  been  in  a  prior  state 
of  activity,  as  Herculaneuui  and  Pompeii,  which  were  destroyed  by 
the  eyiiption  of  that  year,  are  paved  with  Java.  From  tbe  ISthto 
the  16tb'<^entury  it  I'enutined  <juiet,  for  nearly  foifr4iundred  years, 
and  the  cfaidr  was  overgrown  with  lofty  trees.  The  crater  was  de- 
scended by  Bracchini,  an.  Italian  writer,  prior  to  th^  great  eruption 
of  163jt:  the  bottom  v^as  at.  that  time  a  vast  plain,  torroundedby 

'  caverns  aqd  grottoes.  MinsL  has  continued  burning  since  the  time 
of  the  poet  Pindar,  with  .oecasiooal  intervals  of  repose,  seldom  ex- 
ceeding thirty  or  forty  years. 

The  eruptions  of  the  Pea!k  of  Tenerifie  have  been  very  rare  dor- 
hag  the  last  two  centuries*  According  to  Humboklt,  "the  Joag  in- 
tervals of  repose  "appear  to  characterize  volcanoes  highly  elgptted. 

.    Stromb^li,  which  is  one  of  the  lowest,  is  alv^ays  burning;  iV^up* 
lions  of  Vesuvius  are  rarer,  but  still*  more  frequent  than  looseoi 
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£tnt.  Tlie  colossal  summits  of  the'  Aodes,  'Cotopaxr  and  Tungtr* 
rabua,  scarcely  ha?e  an  erbption  onee^'  in  t  century:  The  Peak,  of 
Tenerifib  seemed  to  be- extinguished  for  ninety  two  yetors^  when  it 
made  it9  last  eruptiob  by  $  lateral  opening  in  1798.  In  this  interval, 
Vesuvius  bad  sixteen  eruptioos."  The  greatest  eruptions  of  lava 
Irom  JEtna  and  Vesuyius  are  alwajrd  from  the  sides  of  these  moun- 
tains; Jbiui  thei^a  lateral  eruption^,  finish  by  an  ejection  of  ashes  and 
flaij^  froijli  tb^  crpter  at  the  summit  qC  the  mountain.  In  tb^  I^eak 
of  Te&er^,  aji.eru((tien  of  lava  frohi  the  sumlnit  has  not  taken 
place  for  ages;  and  in  the  recent  great  eruption  of  1798,  the  cratef 
remained  inactive,  nor  did  its  bottom  fall  in.  . 

The  observation  of  M.  Humboldt^  that'  k>fty  volcanoes  have-  the 
bngest  periods  of  repose,  Ivill  not  be  fopnd  vtiiversally  correct. 
The  sm^  volcaop  of  Volcano^  one  of  the  Ljpari  islands,  i^as  in  a 
dbrmapt  state  for  thirteen  hundred  years,  while  -th^  vofeano  of  Popo- 
carnpei],  fourteen  leagues  iron;!  Mexico,  which  is  nearly  eighteen 
diousand  feet  above  the  level  of  the  sea,  seenis  to  be  in  a  state  of 
constant  activity.  It  was  ascende(}  by  Lieutenant  William  Glennie, 
in  1827.  The  volcano  rises  from  a  country  that  is  8216  feet  above 
the  sea ;  its  sades  are  thickly  wooded  With  pine  forests  io  tlie  height 
of  nearly  13,000  feet :  beyond  this  altinide  Vegetation  ceased  en* 
tirely.  Tbe  ground  consisted  of  loose  black  sand  of  considecable 
depdi,  in  which  numerous  fragments  of-  puinip^  and  basah  were  dis- 
persed ;  above  this,  were  several  projecting  ridges  of  loose  fragments 
of  basalt,  arranged  one  above  another.  At  the  summit^  the  mercury 
subsided  to  15.63  inches.  The  crater  appealed  to  extend  oo&mile 
in  diameter;  the  interior  walls  consisted  bf  masses  of  rock,  arranged 
perpendicularly,  and  marked  by  numer/dos'yertieal  channels,  filled, 
io  many  places,  with  black  sdna.  Four. horizontal  circles  of  rock, 
dtfierently  coloured,  were  also  noticed'  within  the  crater.  From^the 
edges  of  the  latter,  as  well  as  from  its  perpendiculab  walls;  'sevei:al 
small  coiuoins  of  vapour  arise;  smelling  str6agly  qf  sulplmr.  The 
noise  was  incessant^  resembling  that  heard  near  the  s6a  shore  dur^e 
a  storm.  At  intervals  pf  two  or  three  minutes,  the  spopdincreaseo, 
followed  by  an  irruption  of  stones :  the  larger  fell  agai^n  into  the  cra- 
ter, the  smaller  .were  projected  -into  the  ravine  through  which  the 
party  had  ascended* 

"[Uie  volcano  of  Popocatapetl  is,  peiliaps,  the  loftiest  active  volcaT 
00  that  has  been  ascended,* and  yet,  according  to  Hucnbbldt,  it  some- 
times pours  out  currents  of  lava  fibm  the  sutnmit. 

These  who  are  acquainted  '  with  hydrostatics;  and  know  the  im- 
mense  po^or  that  wo^ld  be  requh'ed  to  raii<e  even  a  column  of  water 
from  the  level  of  the  sea  to  the  top  of  Pofk>catapatl,  ili!tna,.or  Ten- 
erifl^,  will  not  be  surprised  that,,  in  lofty  volcanic  mountains,  the  lava 
force^tself  oat  of  the'sidea,  and  rarely  rises'  to  the  top  of  the  crater. 
It  ha^lf^^n  calculated,  that  tUe  force  required  to  raise  a  corumn  o£ 
lava  to  tbe  height  of  die  summit  olf  TenerifTe,  (twelve  thousand'  five 
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hiindr6cl  feet,)  woaM  be  eqiiU  to  that  of  one* thousand  au^cspheres; 
and  M«  Ds^obuissoii,  who  has  ooiade  the  calculatioir,  sotes,  that  if  an 
opening  «7ere  «£fected  in  the  volcano' at  the  level  of  dicf  sed,  under 
the  atxive' pressure,  the  lavaand.  stones,  wpuld  be  forced  out,  with  a 
velocity  equal  to  two  hundred  'and'43eventy  metres,  or  ei^ht  hundred 
feet  per  second.— Tome  i. .  p.- 1 73;^ 

The  elevation  of  volcanic  craters  varying,  as  Humboldt 'observes, 
from  six  hundred  to  eighteen  thousand  te^t,  must  not  only  inflmiDce 
the  frequency  of  their  eruptions,  but  must  modify  also  the  quality  of 
the  s,ubstance8  ejected.-^'^Some  volcanoes;  like  TeneriffiS,  eject  Ian 
only  from  their  sides,  aldiough  it  has  a  crater  on  its  summit;  others 
have  lateral  eruptions,  as  I  observed  at  Antisana  in  Quito,  at  the  height 
of  thirteen  thousand  feet,  and  dieir  summit  has  never  been  pierced.  | 
Others,  althougfi,  as  many  phenomena  indicate,  equally  hollow  in'thdi 
interior,  act  only  mechanical^  on  the  surrounding  couatrjr,  breaking 
tbei^  strata  and  changing  the'  surface  of  the  soil.  Thus,  the  voksaic 
mountain  of  Chimborazo,  with  its  dome;  of  volcanic  porphyiy,  (tn- 
ckyte^)  at  thjB  height  of  twenty  two  fhoi/sand  two  hundred  feet,  hai 
ob  permanent  aperture  on  its  suhimit  or  its  'sides :  the  small  crater 
by  which'its  enif^ons  are  efiected,  is*  placed  on  the  Plain  of  €aJpi. 
The  i^canoof'Picfaioca,'  fifteenL  thousand  feet  high,  and  \ihichl 
have  particuhriy  studied,  has  never  ejebted  a  current  of  lava  since 
the  excavation  of  the  present  valleys^  On  the  contrary,  the  volcano 
of  Popocatapetl  in  Mexico^  sixteen  thousand  (according  to  Lieuteoaot 
Qienoie,  near  eighttfeii.ihousand)  feci  in.height,  pours  out  narrow  cur- 
rents of  lava,  like  tho^e  from  the -smaller  volcanoes  of  Auvergneor 
Italy /^  '  * 

Submarine  volcanoes  kre  preceded  by  a  violent  boiling  and  agna- 
tion of  the  water,^nd'by  the  discharge  of  voUraes  of  gas  and^vopour, . 
which  take  fire  and-rbtl,  m  sheets  of  flame,  over' the  surface  4^^ 
waves.  Masses  of  rock  are  darted,  with  great' violence,  through  the 
water,  and  apipumulate  till  they  form  new  islands.  Sometimes,  dur- 
ing an  eruption,'  the  crater  of  the  volcano  rises  out  of  the  sea.  In 
178S,  'a  submarine  volcano  broke  out  near  Iceland,  Which  formed  a 
new  island ;  it  raged  with  great  fury  for  Several  months.  The  kfcod 
afterwards  sunk,  leaving  only  a  I'eef  of  .rocks.  Ib  Decembet,  H^^i 
a  violent  earthquake  was  felt  at  Tercel  ra,  one  of  the  Assores ;  the 
next  morning,  anew  iskind  niqe  miles  in  cirbumference  was  seen, 
from  the  cientre  of  which  rose  §  colnron  of  smoke:  it  tj^fterwards 
sunk  to  a  level  with  the  sea:  A  small  island  was  formed  in  IBllj 
by  a  itobmarin<3  volcano,  at  a  little  distance  from  St.  MichaePs,  ope 
of*  the  Az6res :  the  captain  of  the  Sabrina  frig&te,  who  witnessed  it' 
formatioiL' described  it  as  k  mass  of  black  rock,'  equal  m  height lo 
the  h^h  Tor  at  Matlock.  A  gentleman  who  visited  the  Azores  in 
)813,  informs  ne  th^t  it  has  sunk  down  and  disappeared  :  there  is 
now  eighty  fathoms  of  water  in  the  p)ace.  '       w 
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'  Ne9r  Sabtoniu,  b  the  Gr^iab  Archipek^o,  sybmarine  volcanoes 
have  repeatedly  burstibitfa,  during'  the  last •  two  tbousabd  yeara,  and 
formed  several  new  islands:  tbroe  of  the 'ancient  eruptions  are  re* 
.corded  hj  Pliny,  Strabofy  ajid  Seneca*  The.  last  eruption  was  in  tbe 
year  1767.  ^ 

So  recently  as  the  year  1831^  a  submarine  vorcano,  attended  widi 
a&  the  phenomena  before  described,  broke  out,  notfar  *fr6m  the 
island  ot  Sicily.  It  was  visited-  by- some  French  geologist^.-in  Sep^ 
tember,  soon  after  tbe  -eruptions  had  so  far  subsided  as  to  allo\f  them 
to  land.  ^  Its  circumference  was  founds  by  measurement^- to  be  seven 
honored  and  eigb^  yards^  its  height  about  two  hundred  and  twetify 
feet.  It  appeared  to  be  composed  emireiy  of  scorise  and  loose  vql* 
canic  fragments;  in  the  centre  of  these,  were  some*. hard  globular 
blocks  of  lava,  but  .they  appeared  4o  hfve  been  projected  from  the 
crater;  The  borders  of  the*  crater  were  about  two  hundred  feet 
high  on  one  side,  and  about  forty  06  tbe  other ;  -the  bottom  was  filled 
with  orange-cobured  water,  and  covered  with  a  thick  froth.  White 
vapours  issued  contbually,  not  only  from  the  surface  of  the  water, 
which  appeared  to  be  in  a  state  of  ebuIliticHi,  biit  from  Innumerable 
fissures  in  the  whole  ground,  and  from  the<  adjacent  sea.  The  bhck 
sand  on  one  side  of  the  island,  for.  about  fifty  or  sixty  feet,  appeared 
burning.  Bubbles  of  gas  or  vapour  rose,  apparently  from  the  inte- 
rior of  the  earth,  and  they  threw  lip;  with  a  slight  detonation,  volca- 
nic sand  and  particles.  This  Volcanic  island  had' risen  from  the 
depth  of  about  five  or  six  hundred  feet  below  the  surface  of  tbe  sea. 
M.  Pr^v6t  states  his  belief  that  this  volcano  ejected  currents  of  sub- 
marine Java.;  and  though  the  island  i^  composed'  of  scopiae  and.fragf 
moots  thrown  out  of  tbe  cratier,  •  which  is  wliat  the  French  denomi- 
nate a  crater  oferuptum,  yet  that  it  was  preceded'  by  an  upheaving 
of  the  soil,  (souUvement,)  and  that  there  id  a  belt  of  rocks  at  the 
base,  which  ^re  the  border  of  a  crater  of  elevation,  {eratere  detqu' 
limmerU.)  -  ii.  Prevoc  anticipated,  ih^i  owing  ta  tbe  loose  tnaterials 
of  which  this  island  is^  composed,  it  would  not  long  resist  the  action 
of  the  wayesi  Indeed,  the  island  appeared  to.have  suffered  consid- 
erable degradation  before  the  French  .geologists  landed,  for  Captain 
Senhouse,  who  visited!  it  the  precieding'mootb,  August  Sd,  stated  its 
circumference,  to  be  about'  one  mil^  and  a  quarter.  According^  to 
Captain  Swinburne,  who,  on  the.Idth  of  July,  6bserved  some  of  the 
earliest  eruptions  from  this  volcano,  the  external  diameter  of  the 
jctBier  was  estimated  at  from  seventy  to  eighty  yards ;  it  was  not 
then  more  than  about. twenty^ feet  above  tbe  sea.,  Tbe  agitated  wa- 
ter in  the  crater  escaped  by  an  opening  on  one  side':  hie  says,'  '*  Af- 
ter tbe  volcano  had  emitted,  for  some  tijfne,  its'  usual,  quantities  of 
white  steam,  suddenly  the  whole  apertur'e  was  fiHed  with  anenormous 
mass  of  hot  cinders  and' dust,  rusning  upwards  to  the  height  of  <sev- 
eralrfiundred  feet,  with  a  loud  roaming  noise ;  then  falling  iiflo  tbe 
sea,  ofi  all  sides,  with  a  still  louder  noise.    Renewed  explosions  of 
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hot  cinders  bd^  dust>;^re  quickly  succeeding  each*  other,  while 
for)ced  lightnings  accompanied  by  rattlii^  thunder,  parted  from  all 
directioas  within  the  column '  mow  darkened  with  dust,  greatly  io- 
creased  in  volume,  atd  distorted  by  sudden  gusts  and  whirlwiads." 
The  latitude  of  this  island  is,  or  rather  was,  87^  11^  north,  4a)d  lop* 
gitude  east  12^  44^.  ^ 

At  ^e  beginning  of  January  In  the  following  year,  the  top.  of  the 
island  wa$  somewhat  below  the  surfaeeof  the  sea,  and  at  me  latter 
end  of  Febrnary,  soundings  had  been  made  at  dij9erent  times,  wbich 
discovered  depths  of  from  fifty  to  one 'hundred  and  fifty- Teet,  frbm 
the  surface  ot  the  sea  to  the  cone  of  the  volcano.  This  saddeo 
sinking  down  of  the  volcano  must  be  attributed  to  the  subsidence  of 
thegroundbeneath.it.  '       *    . 

The  French  geobgists  who  visited  this  subtofeirine  volcano  describe 
the  island  as  being  a  crater  of  eruption  {cratere  d^eruption),  white 
the  base  bel6w  the  sea  is  supposed  to  have  been  formed  by  the  up- 
hecbriog  of  solid  rocks,  or  to  be  'a  crater  of  elevation  {craiere^  de 
foulev^ment.) 

Craters  of  eruption  are  formed  by  the  accumulation  of  lava  or 
other  vx>lcanic  matter  around  the  otifice .  from  whence  they  flowed, 
or  were  projected*  Such  is,  perhaps,*  the  origin  of  the  greater  num- 
ber of  vdlcabic  craters.'  That  eminent  geologist.  Von  Bucb,  how- 
everi  maintains,  tl|at  beds  of  primary,  or  other  rocks,  have  been 
eometimes raised  from  beneath  the  sea  to  considerable  elevations,  be- 
fore the  Subterranean  fire  bad  opened  a  passage  for  the  eruption  of 
lava  or  scoris.  3uppose  successive  beds  of  lava  to  have  been  pour- 
ed through  k.chasifi  over  the  bottom  of  tide  ocean,  an^  afterwards 
consofidated,  and*  the  chasm  '  to  become  covered  by  an  immense 
mass  of  solid  lava  ^  in  a  succeeding  parcMK:ysm;  the  volcanic  energf 
being  unable  to  force  >  a  passage  through  the  former  Opening,  and 
thus  acting  With  compressed  intensity,  might  upheave  the  beds  of 
submarine  lava' and  ^he.  subjacent  rt>oks  to  a  considerable  height 
above  the -sea,  leforea  new  passage,  was  openeid  for  a'subsequent 
eruption.  This  would  be  a  crater  of  elevatign.,  With  the  aiicieDt 
lava,  the  lower  beds. of  granile  or  other  rocks  might  also  be  raised  up. 
This  mode  of  volcanic  operation  is  so  anabgous  to  that  which  has 
up-heaved  mountain  rpasses  in  every  part  of  the  globe,  that  I  am  at 
a  bss  to  conjec^Mref  oti  what  principle  it  haid  been  objected  to.  Let 
the  reader  refer  to  the  position  of  the  beds  at  Wren's  Nest  Hill,  near 
Dudley,  and  their  oontinguity  to. basalt  (Plate  III,  fig.  4.);  or,  what 
may  be  more  directly  to  th^  purpose,  let  him  turn  .to'  the  section 
of  Crich  Cliff  (page  95.),  in  whicli  -  the  strata  eppircle  and  cover 
ibe  hill,  like  the  coats  of  an  onion,  and  in  .which  there  is  a  mass  of  toad- 
stone  near  the  centre.  Pevr  geologists  will  deny  that  the  beds  have 
been  op-beaved  by  a  power  acting  from  beneath ; .  or  that  the  protru- 
5k>n  of  .beds  «f  volcanic  tpadstone  was  the' original  cabse  of  the«el&- 
vatiOD  of  the  strata*    If  the  up-he^ving  power  at  Crich  Cliff  had 
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been  incMased  in  intensitj,  and  ^a  passage  bete- opened  near  the 
suininic,'  througb  Which  sireanoid  6t  lava  and  showers  of  scorise'  had 
been  projected,  we*  shduld  have  had  a  crater  of  .^elev^tion,*  though  its 
structure  and  mode  of  formation  might  bav^be^n  concealed  by  vol- 
canic substances' covering  ibe  original  rock.  Von,Buch  and  Hum- 
boldt have  been  cfaaHenged  to  discover  a  single  volcanic  cone  com- 
posed exclusively  bf  marine  or  of  freshwater  stt'ata;  bu^  Purely  this 
is  overlooking  the  conditions  under  which  such  a  cone  must  be  form- 
ed :  the  eruptions  fit)m  the  crater,  when. once  open,  would xx>ver  a 
great  part  of  the  external  cone  with  lava  and  rolcanic  matter*  :  The 
abover  eminent  g-eologists  might  show  Crich  Cliff  and  Wren's  Nest 
Hill,  as  presemine  a  triumphant,  confirmation  of  the  .theory  of  eleva- 
tion; a  confirmation  not  the  less  satisfactory,  because  the  volcanic 
action  had  been  arrested  precisely  at  the  point,  where  the  truth  of 
tbe  theory  was  rendered  most  apparent.    ,, 

The  islanjcl  called  the  New  Kamenoi,  raised  near  St*  Erioi  during 
a  submarine  eruption  in  the.year  1707,  was  composed  pardy  pf  litne^ 
stone,  and  covered  with  living;  shells,  which  prove  that  the  rock  was 
upraised  in  a  solid  mass.  Volcanic  islands,  of  great  elevation,  have 
been  raised,  io  the  present  century;  ia  the  groi^)  called  Aleutian 
Islands;  and  as  they  remain  permanent)  wi&  kittle 'diminution  of 
height,  it  is  supposed  by  Von  Buch  that  they  consist  of  solid  rock. 

The  marine  limestone  on  the  sides  of  :£tna,  offers  confirmatory 
evidence  of  the  truth  of  the  theory  of  elevation,' though  the  strata 
may  have  been  subsequently -disturbed,  and*  dip  in  Hifl^reot  direc-^ 
tions.  I  have  in  toy  possession  an  enorthous'inarine  shelly  or  gigantic 
cef iefaioih.  According  to  the  notice  written  upon  it  by  the  late.Fau- 
jas  St.  Fond,  it  was  obtained  from  the  Piak  of  Tener-iffe,  liriiieh  in- 
dicates that  this  vast  volcanic  tnountain-,- was  originally  a  cratefr  of  el- 
evation raised  from  the  sea.  -  .  .•  '  .  . 
'  Some  volcanoes  in  Europe,  and  many  in  'tbe  Andes,  throw  out 
aqnoous  torrents,' idtermixed  with  mod^nd  stores;  indeed^  the' Aoaer- 
ican  volcanoes  more  frequently  ^ect  mud  thanlava^  Eruptipn^of 
water  from  JEtna  and  Vesuvius  are  ra^e,  and  "some  which  have  been 
described' as  flowing  from  tbe^crater  of  the  former,  have  been  mere- 
ly the  torrents  of  melted  Water  frOm  snow.  On  its  summit. .  The  vol- 
caooof  Mecaluba,  in  Sicily,  presents  tfae^pb^nomeria  of  mud,  Water^ 
and  stones  thrown  out  of  the  cmier*  Fer^^i'a  describes  an  alarmiag 
eruption*  which  .took  place  .on  the  29lh  of  Septepober,'  1777: — 
^*  Dreadful  noises  were  heard  alf  Vound  ;  and'  from  the  midst  of  the 
plaih>  in  which  was  formed  a  vast 'gulf,'  ai^  iminebse  colunf^n  of  mud 
arose  to  tbe  height  of  about  one  hundred  feet,  which,  abandoned  by 
the  impulsive  force,  assumed  the  «tppearan[ce  of  a  hrge  tree  '  ^t  the 
top.  In  the  middle,  stones  of  all  kii}ds  and  sis^es  Wtere  darted  vio- 
lently aiid  venically,  within  the  body  of  tbe  column.  This  terrible 
explosion  lasted  half  an  hour,  when  it  becamp  quiet;  but  after  a  few 
nunutes  resumed  its  course,  and  with  these  intermissions^  conttoued 
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all  the  day.  <  'Duriag  the  rime  of  this  {AeDomenoDy.a  puqgent  odour 
of  sulphuretted  hydrogen  ^as  was  perceived  at  a  great  aistaDce,  to  (be 
surprise  of  the  iohabitfints,  wbq  did  pot  dace  to-  approach  thi^  spot 
on  account  of  the  horrible  ix>ises.  But  maoy  came  the-  fdlowiog 
day,  and' found'  that  the  new  great  orifice,  had  ejected  several  streagis 
of  liquid  chalk  {crtia)^  which  had  £6vered,  widi  ap  ashy  crust  of 
many  fee^  all  the  surroundios  space,  filling  thd  caviues  and  chinks. 
The  hafd  substances  ejected. were  fragmepts  of  calcaiieous  (ufa«  of 
crystallized  gypsum,  pebbles  of  quariz,  and  iron  pyrjtes,  which  bad 
lost  their  lustre,  and  weiie  broken  -in  pieces.  Ail  these  suWances 
fornl  the  outward  bircuit  at  this  dey»  The  unpleasant  smell  of  sul- 
phur still  continued,  s^nd  the  water  which  remained  in  the  holes  was 
hot  for  jnany  months ;  while  a  keen  dmell  of  bumifig  issued  from 
the  numerous  orifices  atpond  tb^  gceat  gulf,  which  is  now  completely 
filled."  ,  *  .  . 

Volcanoes  frequently  occur  in  groups,  sometimes  arranged,  aloog 
a  line,  as  if  they  bad  originally  been  formed  over-  one  ^ast  chasm, 
lik0  the  minoE^  volcanoes  on  th^  sides,  of  Etna;  sometimes,  they  are 
dispersed  irregularly  over  the  surface,  and  sometimes  they  are  isola- 
ted like  '^tna,  and  the  Peak  of  Teneri^. 

The  volcanoes  in  South  America,  Humboldt  observes,  instead  of 
bein^  isolated  oir  disposed  in  irregular  groups  as  in  Europe,  are  ar- 
ranged in- rows,  like  the  extinct  volcanoes  of  Auvergne,  or  the  vol- 
canoes* of  Javia ;  gometimes  in  one  line^  and  sometimes  in  two  paral- 
lel lines.  These'  lines  are  generally  in  the  .same  direction,  as  the 
chaiq  of  th6  Cordilleras,  bqt  sometimes  (as  in  Mexico)  they  form  ao 
aqgle  with  it  of  70^.  The  volcanoes  qf  Mexico,  be  further  ob- 
sefves,  ar^e  placed  in  a  narrow  zonei  v^berween  latitude  18^  -59'  and 
19^  12/.  This,  he  regards  as  a  vast  thasm,  se^en  hundred'  and  fifty 
miles  in  length,  extending  from  t}7ie  coast  of  the  Atlantic  to  that  of 
the  Pacific,  and  tq  the  islands  of  Revillagiedo  in  th^  sam^  directioa. 

Our  knowledge  pf  volcanic  geography  is,  at  present,  imperfect, 
but  among  tb^  principal  vplcadic  groups  >and  ranges,  the  folk>wiog 
may  be  briefly  enun^erated  : — 

In  the  Azores,  there  are  na  less  thanfo^^two  iictive  or  dormant 
yolcsanoes ;  a^  submarine  volcanoes,  not  unfrequendy,  break  forth  io 
their  vicinity.  Almost  all  ^e  other  islands  in  the  Atiainic,'and  jnany 
of  the  W^t  loflia -islands^  are  volcanic.  Numerous  islaods  in  the 
Pacific'  Ocean  and  the  Indian  Se^as  have  large  volcanoes.  In  the 
Island  of  Jay&;alone,  there  is  a  range  consisting' of  thirty-eight  large 
yolcaom  mountains,  son^e  of  which  are,  at  present,  ip  an  active  state; 
they  are  detached  fr6m  each  other,  and  though  some  of  them,  are 
covered  «by  the  vegetation  of  oiany  ages,  the  indicationsi  of  their 
former  eruptions  are  numerous  and  unequivocal. 

^  Numerous  volcanoes  exist,  near  or  within  the  arctic  circle,  in 
Kamschatka,  in  preenland,  and  in  Iceland.  A  range  of  active  or 
doi;ma](^f  volcanoes  extends  firom  the  southern. extrenaity  of  America 
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tt>  the  oortherOy  along  a  line  of  six  thouskDd  miles  in  J^gtfaj .  Of  the 
Yolcanoes  id  Dorthero  Asia,  or  the  interior  of  Afriea,  we  have  little 
bformation,  and  the  votcanoes  covered  by  the  sea,  cannot  be  esti* 
mated ;  but  from  the  above  statement,  we  are  autbodzed  in  believ* 
iogi  that  volcanic  fires  are  more  extensively  operative,  than  many 
geolopsts  are  disposed  to  admits 

Maiiy  filets  might  be  cited  to  prove  the  connection  which  exists 
between  vdcanoes  at  a  vast  distance  fi^m  each  other.  In  1783, 
when  a  submarine  volcano  near  Iceland  suddenly  ceased  its  erup* 
tions,  a  volcaoa  broke  t)ut  two  hundred  miles  distant,  in  the  interior 
of  the  bland.  On  the  night  in  which  Lima  and  Callao  were  des- 
troyed by  an  earthquake,  four  new  volcanoes  broke  out  in  the  Ad^ 
des.  The  source  of  vplcanic  fire  is  seated  deep  under  the  surface 
of  the  earth :  were  it  not  so,  the  ground  in  the.  vicinity  of  vofeanoea 
wodd  sbk  down.  Yet  ^taa  has  continued  to  pour  out  streabia  of 
hva  for  three  thousand  years;  and  Stromboli  has  bad  daily  eruptioDS 
{or  nearly  as  long  a  period.* 

There  are  some  instances  of  volcanoes  having  been  entirdy  en* 

Eilfed  in  the  chasms  beneath  them.  The  volcapo  of  the  Pic  in.  the 
land  of  Timore,  one  of  the  Moluccas,  is  known  to  have  served  aa 
a  prodigious  watch-light,  which  was  seen  at  sea  at  the  distance  of 
three  hundred  miles.  In  the  year  1638,  t|;e  mountain  during  a  vio*< 
lent  eruption  entirely  disappeared,  and  in  its  place  there  is  now  a 
lake.  Many  of  the  circular  lakes  in  the  south  of  Italy  afe  supposed 
to  have  been  formed  by  the  sinking  dowiv  of  volcanoes ;  but  the  best 
autbeotJcated  account  we.  have  of  the  destructran.  of  a  volcanic 
mouDtaiB,  is  given  by  Governor  Raffles  in  his  History  of  Ji^va. 

**  The  Papaodayang^  situated  at  the  western  part  of  the  .district  of 
Cheribor,io  the  province  of  Sukapura^  .was  formely  one  of  the  larg- 
est volcanoes  it)  the  island  of  Java';  but  the  greatest  part  of  it  was 
swafloiwed  up  in  the  earth,  after  a  short  but  very  severe  combustion  in 
the  year  1772.  The  accoupt  which  has  remained  of  this  event  aar 
serts,  that,  near  midnight,  between  the  11th  and  12th  of  August  there 
was  observed  about  the  mountain  an  uncommonly  luminous  Cloudy  by 
which  k  appeared  to  be  completely  enveloped.    The  inhabitants  as 


•  Since  the  period  of  attthentic  history,  no  great  chaDges  have  taken  place  ia 
the  coantry'roond  ^tna;  bat  it  appears  from  Virgil,  as  well  as  froin  a  passage  in 
Strabo'l^iore  anoled,  that  an  ancient  tradition  existed  of.  the  sudden  separation 
of  Sicily  from'  Italy. 

"  Hpec  loca,  vi  quondam  et  vasti  convulsA  ruinA  - 
'  'DissiiuissefeTunt:  c{km  protenus  utraque  tellus 
Una  foret,Tenit  medio  vipontus,  etundis 
'Hesperinm  Siculo  latus  abscidit:  arvaane  et  urbe& 
Littore  diductas  angusto  interluil  sBstu.  4S».  1.  iii/ 

Probably  this  separation  took' place  when  iBtna  emerged  frpm  the  ocean:  the 
ocennrence  of  beds  of  limestone  with  shells  upon  its  sides,  proves  that  it  was  orig- 
inally a  sabmarine  volcano. 

34 
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well  about  the  (ortj  as  on  the  dectivitiei  of  the  mouotam,  ahrmed 
by  this  appearance,  betook  themselves  to  flight ;  but  beibre  ibej 
could  all  save  themselves,  the  mountaio  began  to  give  way,  and  the 
greater  part  of  it  actually  y«//  tn,  and  disappeared  in  the  earth.  At 
the  same  time  a  tremendous  noise  was  beard,  resembling  the  dis* 
charge  of  the  heaviest  cannon.  Immense  quantides  of  votcanicsub* 
stances,  which  were  thrown  out  at  the  same  time,  and  spread  in  etrery 
direction,  propagated  the  efiects  of  the  explosion,  through  the  spice 
of  many  miles." 

.  **  It  is  Estimated  that  an  extent  of  ground  of  the  mountain  itself, 
and  its  immediate  environs,  fifteen  miles  long,  and  full  six  broad,  was 
by , this  commotion  swallowed  up  in  the  bowels  of  the  earth.  Serer- 
al  persons  sent  to  examine  the  condition  of  the  neigbbburhood,  roada 
report  that  they  found  it  impossible  to  approach  the  place  whei<e  the 
mountlin  stood,  on  account  of  the  heait  of 'the  substances  which  cor- 
ered  its  circumference,  and  which  were  piled  on  each  other ;  al- 
though thia  was  the  24th  of  September,  and  thus  full  six  weeks  after 
the  catastrophe.  It  is  also  mentioned,  that  forty  villages,  partly  swal- 
bwed  up  by  the  aground,  and  partly  covered  by  the  substances  thrown 
out.  Were  destroyed  on  this  occasion,  and  that  two  thousand  dIdo 
hundred  and  fiftynseven  of  the  inhabitants  perished.  A  proportioDate 
number  of  cattle  was  also/lestroyed,  and  most  of  the  plantations  of 
ootton,  mdigo,  and  coffee,  in  the  adjacent  districts,  were  buried  aoder 
the  volcanic  inatter.  The  effects  of  this  explosion  are  still  very  ap- 
parent in  the  remains  of  this  voleano.'' 

It  has  been  already  stated,  that  the  volcanoes  in  the  Andes  more 
frequently  throw  otii  water  and  mud  'than  lava.  The  damage  which 
these  aqueous  and  muddy  eruptions  occasion,  is  often  prodigiously 
great.  Sometimes,  the  deluge  of  water  attending  a  volcanic  explo- 
si&n  does  not  come  from  the  interior  of  the  earth,  but'from  the  snow 
which  covers  the  mountain  being  rapidly  dissolved  ;  but,  in  other  in- 
stances, it  proc(^eds  from  the  crater.*  Interior  cavities,  of  vast  ex- 
tent and  depth,  containing  water,  are  opened  during  an  en]ptidD,am) 
the  wafer  comin?  into  contact  with  rgnked  lava,-  is  forcibly  dn>eo 
out,  and,  according  to  Humboldt,  carries^along  with  it  a  great  quan- 
tity of  small  6shes,  which  he  has  denominated  Pimelodes  Cydopuvt. 
These  fishes  are  about  four  int^hes  in  length,  and  are  of  the  same 
species  that  inhabit  the  neighbouring  .brooks  and  lakes:  the  number 
thrown  out  is  sometihnes  so  great,  that  their  putrefaction  cbntaminatea 
the.  air,  and  occasions  serious  maladies  among  the  inhabitant  of  the 
adjacent  country. 

Though  the  water  ejected  from  volcanoes  may,  in  many  instances, 
be  regarded  as  of  accidental  occurrence,  I  conceive  it  to  be  different 


*  It  ought  to  be  stated,  that  the  existence  of  intenial  cavities  filled  with  water 
sappUed  from  the  melted  snow,  is  an  inference  from  volcanic  phenomena,  which, 
however  reasonable  it  may  appear,  it  is  impossible  to  prove,  ' 
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with  those  miMUy  eruptions,  which  coyer  large  tracts  of  countiy  with 
strata  ^^ontaining  bitumioous  or  ipflarhrnable  matter :  these  strata  ^re 
as  essentially  volcanic  products,  as  the  matter  thrown  out  of  tbe  vol* 
caoo  of  Macaluba  in  Sicily,  which  never  ejects  lava ;  and  we  are 
hence  instructed^  that  one  of  tbe  substances  which  promotes  volcanic 
combustiop,  is  bitumen  or  carbdi).  The  muddy  eruption^  in  the 
Andes,  when  first  ejected,  have  little  consistence  or  tenacity ;  hut 
they  soon  become  bard,  and  form  what  is  called  by  the  inhabitants 
wioya;  it' is  dark  coloured  and  soils  the  fingers,  and  is  used  instead 
of  turf  for  fuel. 

Boiling  springs,  and  thermal  waters,  must  be  classed  with  volcanic 
phenomena  ;  for  it  can  scarcely  be  doubtted,  that  the  Geysers  in  Ice- 
land, wfaichy  at  intervals,  throw  up  columns  of  boiling  waoer  to  the 
height  of  seventy  or  eighty  feet,  are  occasioned  by  tbe  subterraneaii 
fires  which  extend  under  that  island.  To,  tbe  same  cause  must  be 
ascribed  the  boiling  fountains  in  the  island  of  St.  Michael,  one  of  the 
Azores. .  The  hot  springs  in  the  vicinity  of  tbe  Pyrenees,  in  Italy, 
and  in  other  parts' of  the  world,  may  with  much  probability  be  sup* 
posed  to  have  a  similar  source  of  heat.  Tbe  unvaried  equality  of 
their  temperatures  for  centuries,  proves  that  this  source  lies  far  below 
tbe  agency  of  those  causes  which  operate  on  the  surfi&ce.  It  has 
been  remarked,  that  hot  springs  are  most  frequent  in  yolcanic  and 
basaltic  countries.  Though  no  active .  vplcano  exists  in  the  Py- 
renees, M.  Dralet,  in  his  Description  des  Pyreneet^  says,  '^  that. the 
hot  springs  and  frequent  earthquakes  ii^  different  part^  of  this  chain, 
ofier  proofs  of  the  present  operation  of  subterranean  fires."  I  have 
described  the  thermal  waters  of  the  Alps  in  the  second  volume  of  my 
^*  Travels  in  the  Tarentaise,"  and  in  Chap.  V.  p.  68.  of  the  present 
work. 

.  However  powerful  the  effects  of  subterranean  fire  may  be  in  vari« 
ous  parts  of  the  globe,  we  must  conclude,  from  the  remains  of  aiH 
cieot  volcanoes,  that  in  a  former  period,  the  actiop  of  volcanic  fijre 
was  far  niore  extensive  and  intense  than  at  present. . 

According  to  Breislak,  an  Italian  geologist,  in  a  space  of  twenty 
miles  in  length  and. ten  in  breadth,  between  Naples^pd  Cumea, 
there  are  no  .less  than  sixty  craters ;  some  of .  them  are  larger  than 
that  of  Vesuvius.  One  of  th^m  is  two  miles  in  diameter.  The  city 
of  Cumea,  fotinded  twelve  hundred  years  before  tbe  Christian  er^, 
is  built  in  the  crater  of  an  ancient  volcano. 

In  other  parts  of  Italy,  there  ai:e  undoubted  vestiges  of  ancient  yoU 
canoes.  In  Sicily,  there  are  a  number  of  extinct  vokaiioes,  beside 
those  Goonected  with  ^tna.  Many  islands  in  the  Grecian  Archipel^ 
ago  are  voloanic.  There  are^emains  of  large  <vplcanic  craters  in 
Spain  and  Portugal ;  and  the  extinct  volcai^ic  mountains  in  the  mid- 
dle and  southern  parts  of  France,  cover  several  thousand  square 
miles.  On  the  eastern  banks,  of  tbe  Rhine,  and  the  environs  of  An«> 
deroacb,  there  are  niunerous  extinct  volcanoes. 
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It  is  further  to  be  DOficed,  that  many  of  the  crater»  of  ancient  vbl- 
eanoes,  are  of  far  greater  size  than  the  present  ones*  Vesuvius  is  i 
comparatively  small  cone,  raised  vi^ithin  the  crater  of  a  largefr  volet- 
DO.'  The  cone  of  the  Peak  of  Teneriffe,  according  to  the  descrip- 
tion of  travellers,  stands  within  a  Tolcantc  plain,  containing  twelve 
square  leagues  of  siirface,  surrounded  by  perpendictflar.precipiees 
and  mountains,  which  were  the  border  of  the  ancient  crater,  tftbe 
opinion  of  M.  Humboldt  be  correot,  all  these  craters  are  diminutive 
apertures,  compared  with  die  immense  chasms  through  which,  in  re- 
mote  ages,  subterranean  fire  has  forced.a  passage  through  the  crust 
of  the  gbbe. 

'  *^The  whole  of  the  mountainous  parts  of  Quito,"  he  says,  "may 
be  considered  as  one  immense  Volcano,  occupying  more  than  seveo 
hotidred  square  leagues  of  surface,  and  throwing  out  flames  by  diftr- 
ent  cones,  known  by  the  denominations  of  Cotopaxi,  Tunguraboi) 
and  Pichincha:  In  like  manner,"  he  adds,  "  the  whole  group  of  tbe 
Canary  Islands  is  placed  as  it  were  on  one  aubmarine  volcano.  Tbe 
fire  forces  a  passage  sometimes  through  one,  and  toroetimes  throogh 
another  of  these  islatids.  TenerifFe  alone,  contains  in  its  centre  so 
immense  pyramid  terifainated  by  a  crater,  throwing  out,  from  one  cen- 
tury to  another,  lava  by  its  flanks.  In  the  other  Canary  Islands,  tbe 
difllerent  eruptions  take  place  in  various  parts,  and  we  no  where  find 
those  isolated  mountains,  to  which  volcanic  eflfects  are  restrained* 
The  basaltic  crust  formed  by  ancient  vokanoes  seems  every  where 
undermined  ;  and  the  cuWerus  of  lava  seen  at  Lanzerote  and  PaltDt 
remind  us,"  he  adds,'*  by  every  geolc^ical  affinity,  of  the  erupiioD 
which  took  placein  ISOJt  at  the  Isle  of  Ischia,  aniid  d)e  tufas  of 
Epimeo."    . 

In  the  preceding  part  of  the  present  chapter,  I  have  endeavoured 
to  give  a  succinct  account  of  the  most  important  volcanic  phenomena. 
The  only  formations  of  hard  crystalline  rocks  in  the  present  day  are 
vokanfic  ;  and  if  we  trace  the  connection  that  exists  between  mod- 
ern and  ancient  volcanic  rocks,  and  between  the  latter  and  the  roeb 
of  trap  and  porphyry,  among  the  ancient  rock-formatk>ns,  we  sball 
eitend  the  dominion  of  Pluto  over  a  large  portion  of  the  gbbe. 

Many  of  the  ancient  votelinic  rocks,  have  not  flowed  in  cwrents 
from  limited  apertures,  like  modern  lavas. '  "  Tbe  volcanic  porphy- 
ries on  the  back  of  the  Cordilleras,"  says  M.  Humboldt,  "  are  un- 
doubtedly of  igneous  origin  ;  but  the  mode  of  their  fornoation  is  not 
like  that  of  modern  lavas,  which  have  been  erupted  since  the  eica- 
vation  of  valleys.  Thfe  action  of  volcanic  fire  by  an  isolated  cone  of 
crater  of  a  modern  volcano,  diflfers  necessarily  from  the  actkm  of  tbis 
fire,  through  the  fractured  crust  of  the  globe."  It  has  been  observ- 
ed by  the  same  geologist,  that  the  further  back  we  can  trace  volca- 
nic eruptions,  tbe  greater  is  the  similarity  between  their  products,  and 
the  rocks  which  are  regarded  as  the 'most  ancient  ;^bence,  the 
countries  that  have  been  the  seats  of  ancient  volcanoes,  are  particu* 
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laify  interettiiig  totbe  gedogisH  In  Auvergne,  and  tbe  noreaouth- 
em  parts  of  Prance,  there  are  extinct  volcanoea  of  difiereot  agaa* 
oovering  with  their  products  several  thousand  squara  miles.  -  The 
most  recent  of  these  volcanoes  has  bepn  extinct  or  dormant  since 
the  records  of  authentic  history,  and  probablj  for  a  longer  period. 
JutiuS'Caesar,  who  was  encamped  on  this  volcanic  soil,  and  .has  de* 
scfibed  the  country,  makes  no  allusion  to  its  having  been  the  seat  of 
active  volcano^.* 

West  of  the  town  of  Clermont,  there  is  an  extensive  granitic  plains 
rising  about  sixteen  hundred  feet  above  the  level  of  the  river  Allier. 
On  this  plain  there  are  numerous  cones,  and  dome^haped  hills,  va* 
Tying  in  height  from  twelve  hundred  to  two  thousand  feet ;  some  of 
these  cooes  have  well-presetvetd  craters,  and  the  cooes  themsalVea 
are  fonned  chiefly  of  scoriaceoua  lava.  These  are  the  mott  cecaot 
volcanoes  of  tbat  oouptry ;  their  products  differ  in  no  respect  froiD 
those  of  modem  volcanoes,  except  that  the  lava  may  often .  be  ohi^ 
served  passing  to  the  state  of  compact  basalt^  exactly  similar  to  many 
of  the  basaltic  rocks  in  Great.  Britain.  That  these  vokaooes  aretbo 
most  recent,  is  proved  by  the  lava  flowing  down  from  them  into  the 
present  valleys ;  and  hence  we  are  certain,  that  the  eruptions  raual 
have  taken  place  subs6quendy  to  .the  excavation  of  the  vallevs* 
There  are  other  currents  of  lava  from  more  ancient  volcanoes,  toat 
have  flowed  before  the  valleys  were  excavated;  and  form  isolated 
caps  on  the  hills  that  enclose  the  present  valleys.  These  currents 
of  lava  are  composed  chiefly  of  compact  basalt  i  the  position  of  these 
isolated  caps  of  basalt  is  similar  to  that  on  the  bill  6,  (Plate  III.  fig. 
2.)  boc  they  are  not  always  columnar.  The  openings  from  whidi 
these  beds  of  basalt  have  flowed  cannot  be  always  traced ;  but  as  we 
can  observe'the  change  from  scoriaceous  lava  to  basalt  in  *tbe  •cur- 
rents of  undoubted  fava,  we  cannot  hesitate  to  admit,  that  the  basak 
which  Ibnns  these  caps,  must  have  had  a  similar  origin.  Under  the 
caps  of  4>asalt,  there  are  in  many  situations  thick  beds  of  volcanic 
tufa,  opotaining  bitumen,  which  will  be  subsequently  noticed.  'Beside 
the  volcanoes  with  craters,  that  have  ejectea  currents  of  scbriaceouf 
lava  and  basalt,  aid  poured  them  into  the  vallevs ;  an^  beside  the 
more  ancient  volcanoes,  that  have,  formed  beds  of  basalt  before  the 
excavatioo  of  the  vaHeys,-r-there  are  other  volcanic  mountains,  which 
have  rotmded  summits  or  domes,  without  any  perforation  or^crater^ 
and  these  are  composed  chieflv  of  whitish  or  grey  earthy  felspar, 
cootaioing  imbedded  crystals  of  fiilspar :  to  this  rock  the  nanie  of 
trachyte  has  been  given,  on  account  of  it^  rough  fracture.  It  may 
be.properly  called  a  volcanic  porphyry. 


•  1  visited  the,  extinct  volcanoes  of  France  in  the  spring  oil^SSL  and  pnbUshed 
an  accoont  of  them  in  the  Sd  volume  of  my  Travels,  jiccom[>anied  with  cpts,  and 
a  section  and  ontline  of  the  conntrv  round  Clermont,  which  is,  I  helieve,  the  first 
attempt  to  render  in  this  manner  the  s^rucmre  of  this  volcanic  district  inteUigible 
li>  the  general  reader.  Wiihoot  the  aid  of  sections  and  diagi^ms,  it  is  dificut  to, 
obtain  a  distinct  notion  of  the  relative  position  of  the  different  volcanic  formations. 
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'  The  first,  or  itore  recent  volcanooB,  r^^tnble  io  ererj  .{mrticttlar, 
the .  ezistiog  volcanoes  in  various  parts  of  the  world ;  aod  the  cur- 
rents of  lava  may  be  traced  from  tbeir  sides  along  the  graniuc  plaio 
on  ^bkb  the  volcanoes  stand,  and  tbence  into  the  adjaceqt  talleys 
ibr.many  miles.  The  lava,  appears  as  fresh  as  (Jie  recent  lavas  from 
Vesuvius,  though  it  Jias  been  exposed  to  the  actioii  of  the  atmosphere 
tor  some  thousand  years.  The  Puy  de  Pariou  is  the  most  perfect 
of  these  volcanic  cones.  The  followins  description  of  it  is  taken 
froo^  the  2d  volume  of  my  Travels: — ^' We  were  one  hour  in  goia§ 
from  La  Barraque,  a  mountain  village,  to  the  foot  of  the  Puy  d< 
I^ariou,  where  we  left  our  char,  and  another  bour.in  ascendiog  to 
the  summit,  as  we  halted  several  times  to  rest*  As  nearly  as  I  poold 
taidmate,  the  summit  of  this  monniain. rises  about  one  thousand  feet 
above  the  plain,  and  is,  therefore,  about  three  thousand  eight  ban* 
dred  feet  above  the  level  of  the  sea.  The  crater,  wljicb  is  the  best 
preserved  of  any  in  Auvergne,  is  iiearly  circular^  I  waliied  rraod 
U,  and  its  circumference  is  about  eight  hundred  yards.  Its  shape  is 
thflft  of  an  inverted  cone,  or  funnel  quite  perfect.  The  edge  or  rim 
of  tbe^srater  is  narrow,  from  wbiqh  the  descent  or  slope  isveiy  ripid 
on  etfcb  side :  the  depth  of  the  crater  from  the  highest  part  of  the 
edge(whicb  is  on  the  southern  side)  to  the  small  plai»at  the  bottom, 
may  be  about  three  hundred  and  twenty  feet ;  and  from  the  western 
side,  abput  two  hundred  and  sixty  English  feet.  The  lava  whieb 
flowed  from  Parjou  to  La  Barraque,  and  whence  towards  the  plaio 
of  ClermoaEt,  is  generally  supposed  to  have  issued  from  the  erater; 
but  bad  this  been  the  case,  the  crater  would  not  have  bedn  so  entire 
SB  it  is ;  and  I  sun  fully  cbnvinced,  that  the  eruption  of  such  a  mass 
of  lava  must  have,  broken  down  one  of  the  sides,  as  at  Nugere,  wUcb 
we  afterwards  visited,  and  the  Puy  de  Vache.  There  appears,  I 
tUnk,  decisive  marks  of  the  laya* having  .flowed' from  an  openiogoo 
the  north-east  side  pf  the  mountain,  to  which  it  may  be  traced,  in- 
deed on  tbi^  side  there  are  the  indications  of  a  much  lareer  crater, 
which  has  its  escarpments  turned  towards  the  Puy  de  rarioa  like 
those  of  Mount  Somma,  .which  are  turned  towards  Vesuvius.  The 
Puy  de  Pariou  i^as,  in  all  probability,  a  volcaoic  ewe,  formed  wilbm 
the  krger  crater  by  its  last  eruption  of  scoriae. 

"  The  .annexed  cut,  from  a  drawing  I  made  near  the  foot  of  the 
mountaifkf  .represents  the  external  shape. of  the  Puy  de  Pariou,  and 
the  dotted  lines  show  the  fortn  and  the  relative  depth  of  the  crater, 
the  bottom  of  which,  a  ^  is  about  three  bundired  and  twenty  feet  be- 
low, the  highest  part  of  the  rim  e.  The  current  of  lava,  (  i,  is  oo 
the  north-east  side  of  the  present  mountain.  •  The.  internal  shape  of 
Pariou  approaches  to  quadrilateral,  or  is  that  of  a  cone  compressed 
00  each  side,  and  somewhat  elongated  from  north  to,  south.  Tbe 
bottom  of  the  crater  is  nearly  flat;  there  was  a  little  water,  from  the 
Mceot  melting  of  tbe  snow,  ren^aining  in  some  of  tbe  hollows :  in- 
deed we  were  told  at  Clermont  that  we  should  find  the  crater  BSed 


972  PUT  DC  PABIOU. 

with  8D0W.  It  was  early  in  May :  bat  ihe  soow  was  gooe,  and  grass 
was  growing  in  some  parts ;  others  were  covered  with  loose  masses 
of  scorie.  Owing  to  the  great  porosity  of  the  soil,  the  crater  of  Pa- 
riou  seems  doomed  to  perpetual  sterility, — there  is  no  tree  or  sbrub 
within  it;  while  tliat  of  Vesuvitfs^  after  a.  cessation  of  eruptions  for 
only  four  centuries,  was  covered  with  large  chestnut  trees.^'-^VoL  ii. 
fage  307. 

In  ihe  Puy  de  Pariou,  and. many  other  volcanic  mountains  of  this 
district,  there  is  nothing  ^particularly  remarkable,  except,  that  the  la- 
vas which  have  flowed  from  them  at  a  remote  period',  should  pre- 
serve all  the  freshness  of  receiit  lavas,  and  that  volcanoes  so  well 
cbaracterised,  both  by  their  form^  and  mineral  products,  should  have 
remained  unnoticed  until  the  middle  of  the  last  cei^tury.    The  round 
top(>ed  or  dope  shaped  hill  on  the  left  of  the  Puy  de  Pariou  is  called 
Sarcoui ;  it  belongs  to  that  class  of  volcanoes  that  have  no  enters, 
which  will  subsequently  be  noticed.     The  more  ancient  volcanoes, 
that  have  poured  out  the  thick  beds  of  basalt  that  cap  many  of  the 
valleys  round  Clermont,  cannot  always  be  traced, '  as  the  openings 
from  whence  it  issued  may  be  covered  by  the  lava  of  more  recent 
entptions.    In  order  to  obtain  a  more  distinct  idea  of  the  position  of 
these  caps  of  basalt,  it  will  be  necessary  to  remark,  that  the  granitic 
plain  above  Clernlont,  and  the  hollows  or  valleys  in  its  sides,  receiv- 
ed their  present  form,  prior  to  the  most  ancient. volcanic  eruptions; 
these  hollows  or  ancient  valleys,  were  probably  basins  or  lakes,  in 
which  were  deposited  a  vast. thickness  of  calcareous  strata,  contain- 
ing fresh  water  shells,  and  the  bones  of  land  quadrupeds.    Into  these 
lakes,  there  has  flowed  a  vast  mass  of  volcanic  tufa,  covering  the 
limestone,  arid  sometimes  intermixed  with  it.:  '  The  volcanic  tofa, 
and  the  fresh  water  strata,  appear  to  have  fllled  up  the  ancient  val- 
leys or  lakes^  and  on  this  tufa,  the*  basalt  was  deposited  by  a  subse- 
quent eruption.     At  a  later  period,  diluvial  currents  have  furrowed 
excavations  or  new  valleys  in  the  basalt,  in  the  subjacent  tufa,  and 
in  the  fresh  water  limestone^  leaving  detached  portions  or  bills  com- 
posed of  basak,  tufa  and  limestone,  which  once  were  parts  of  con- 
tinuous beds.     Into  these  new  valleys,  the  lava  of  the  most  recent 
volcanoes  has  flowed.    The  mbst  renjarkable  circumstance  attending 
these  more  ancient  eruptions,  is  the  bituminous  nature  of  the  tufa, 
which  forms  the  lowest  oed,  and  covers  the  fresh  water  limestone  of 
Gergovia,  Canturges  and  the  neighboring  hills.    This  Uifa  is,  b 
some  parts,  more  than  three  hundred  feet  thick ;  it  consists  of  earthy 
basalt  or  wacke,  intermixed  with  lumps  of  scoris  and  basalt,  and  in 
some  places,  with  limestone:  it  is  every  where  impregnated  widi 
bitumen.    The  tuf&  of  Auvergne  bears  evident  marks  of  being  the 
product  of  an  aqueous  or  muddy  eruption,  intermixed  with  lava  and 
scori»,  which  increase  in  qliantity  in  the  upper  part  of  the  mass, 
and  at  length  cover  it  with  Compact  lava  or.  basalt.    That  the  tufa 
was  ejected  in  an  aqueous  or  muddy  state  is  proved,  by  the  quanbty 
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of  bitiimen  which  it  contains :  by  any  other  mode  of  formation,  the 
bitumen  would  have  been  consumed.  By  some  former  writers  it  has 
been  supposed  that  the  tufa  is  an  alluvial  bed  of  sediment  and  water 
worn  fragments ;  but  the  bituminous  nature  of  this  bed  excludes  the 
probability  of  this  mode  of  formation ;  and  at  Montadoux,  the  up- 
per part  of  the  tufa  may  be  clearly  seen,  passing  into  basalt.  In 
some  situations,  however,  the  tufa  has  been  transported  from  itsi)rig- 
inal  place  and  intermixed  with  fragments  of  more  ancient  rocks. 

llie  dome-shaped  hills  without  craters,  composed  of  volcanic  por- 
phyry or  trachyte,  have  given  rise  to  much  speculation  respecting 
their  origin.  Some  geologists  contend  that,  they  are  only  the  remains 
of- one  vast  bed  of  trachyte,'of  which  the  other  parts  are  washed 
away.  .  Others  maintain  that  they  are  merely  portions  of  the  granite 
on  which  they  rest ;  and  that  this  granite  has  been  wholly  or  partial- 
ly fused,  and  upheaved,  by  the  expansive  force  of  subterranean  fire. 
This  mode  of  formation  is  rendered  probable,  by  what  may  be  ob- 
served at  the  Puy  de  Chopine,  which  is  a  mountain  standing  within 
a  crater;  this  mountain  is  composed  partly  of  unaltered,  granite  and 
sienite,  and  partly  of  volcanic  trachyte,  and  appears  to  have  been 
upheaved,  before  the  fusion  of  the  granite  had  been  effected. 

The  Puy  de  Dome,  near  the  summit,  is  chiefly  composed  of  whi- 
tish trachyte  intermixed  with  unaltered  granite ;  the  lower  part  of  the 
mountain  is  covered  with  scoriaceous  and  compact  lava<  The  dome 
of  this  mountain  rises  2000  feet  abpve  the  elevated  granitic  plain  on 
which  it  stands,  and  4797  feet  above  the  level  of  the  sea :  it  has  no 
crater  or  opening  on  the  top ;  but  Dr.  Daubeny  says,  two  streams  of 
lava  appear  to  have  pierced  the  sides  of  the  mountain,  and  to  have 
descended  into  the  valleys.  In  this  respect  the  Puy  de  Dome  re- 
sembles the  enormous  dome  of  trachyte  on  the  summit  of  Chimbo- 
razo,  twenty  thousand  feet  above  the  level  of  the  sea,  which,  accord- 
ing to  Humboldt,  acts  mechanically  6n  the  neighbouring  cpuntry,  frac- 
turing the  strata,  and  changing  the  surface  of  the  soil ;  but  it  has  no 
permanent  opening,  either  on  its  summit  or  sides.  In  some  of 
these  dome-shaped  hills,  the  action  of  subterranean  heat  appears  to 
have  been  so  intense,  as  to  reduce  the  whole  into  a  spongy  pulve- 
rulent mass;  but,  what  is  remarkable,  in  the  middle  of  this  spongy 
mass,  lumps  of  scoriaceous  lava,  are  sometimes  found.  It  has  been 
objected  to  the  formation  of  trachyte  or  volcanic  porphyry  from  gran- 
ite, that  it  contains  a  very  sinall  portion  of  quartz ;  but  in  this  res- 
pect it  resembles  many  granite  rocks  b  Auvergne,  in  which  the 
quartz  is  scarcely  perceptible. 

In  the  volcanic  districts  south  of  Clermont,  the  porphyry  becomes 
more  compact,  and  assumes  the  hardest  state  of  that  rock ;  the  base 
of  the  stone  is  sometimes  green,  and  the  crystals  of  felspar  are 
white :  it  will  receive  a  fine  polish,  like  the  green  porphyry  of  the 
ancients. 

35 
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The  basaltic  rocks  also  extend  sooth  of  Clermont,  into  the  districts 
called  the  Velay  and  Viverrais,  and  cover  a  great  portion  of  the  soil. 
Near  Monpezat,  Thueys,  and  Jaujac,  according  to  M.  Fanjas  St. 
Fond,  there  are  small  volcanic  mountains,,  with  distinct  currents  of 
lava,  that  appear  to  issue  from  their  feet,  and  flow  into  the  valleys. 
The  lower  part  of  the  lava  is  scoriaceous,  but  the  upper  part  is  hard 
sonorous  basalt,  arranged  in  columns  as  perfect  as  those  of  Stafia  or 
the  Giant^s  Causeway.  We  have  here  a  decisive  proof  of  the  ig- 
neous formation  of  columnar  basaltic  rocks.  "The  basaltic  forma- 
tion extends  into  the  South  of  France,  to  the  borders  of  the  Medi- 
terranean Sea,  where,  near  to  Adge,  is  the  extinct  volcano  of  Ssiot 
Loup,  the  cellular  lava  of  which  is  employed  in  the  constructioo  of 
buildings  on  the  canal  of  Languedoc." — Daubuisson.* 

There  are  numerous  extinct  volcanoes  in  several  parts  of  Germa- 
ny, particidarly  in  some  of  the  districts  bordering  the  Rhine:  these 
volcanoes,  like  those  of  central  France,  belong  to  different  epochs, 
but  the  most  recent  appear  to  be  more  ancient- than  the  earliest  peri- 
ods of  authentic  history.  In  the  volcanic  district  of  Eyfel,  between 
the  Rhine  and  the  Moselle,  are  scattered  numerous  small  cones  and 
eminences  some  with  craters,  the  bottoms  of  which  are  filled  with 
water,  forming  lakes  or  meres,  without  outlets.  A  German  geolo- 
gist divides  these  volcanoes  into  three  classes  :— 

1.  Those  which  have  lakes  or  meres,  and  have  ejected  nolbiog 
but  loose  fragments  of  rock  with  balls  of  scoriae  and  sand  r 
'  of  .these  there  are  eight  in  that  district. 
'  2.  Those  which  have  ejected  fragments  of  slag,  sometimes  loose, 
and  sometimes  cemented :  of  these  there  are  eight. 

8.  Those  which  faffve  ejected  streams  of  lava :  of  .these  six  are 
enumerated. 

According  to  Dr.  Daubeny,  who  has  visited  these  craters,  the 
currents  of  lava  have  not  been  satisfactorily  traced  to  theh'  source, 
being  sometimes  buried  under  heaps  of  volcanic  maner  subsequenuy 
ejected.  These  volcanoes  rise  through  transition  rocks  of  slaie  and 
limestone.  The  Seven  Mountains  near  Bonn,  belong  to  a  verf^ 
raote  volcanic  epoch.  Those  readers  who  intend  to  visit  the  coun- 
tries near  the  Rhine,  will  do  well  to  consult  Dr.'Daubeny's  work  on 
volcanoes,  in  which  will  be  found  the  best  information  respecting  the 
extinct  volcanoes  of  (Jermany. 

In  proportion  as  the  surface  of  the  earth  becomes  properly  exam- 
ined, our  knowledge  of  extinct  volcanoes  in  various  Countries  is  en- 
larged.    According  to  Burckbardt,  there  are  several  in  Arabia:  a^ 


♦  In  the  article  "  Volcano,"  which  I  wrote  for  Dr.  Rees's  Cyclopeedia,  I  cndear- 
vonred  to  collect  all  the  znost  important  details  of  volcanic  phenomena  then  known 
and  have  given  an  account  or  different  experiments  made  on  lava  hy  SpaUan- 
zani  and  others,  which  t^e  limits  of  the  present  volume  will  not  allow  me  to  do- 
tice. 
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7oic»DO  broke  out  near  the  citr  of  Mecca,  some  centuries  after  its 
submissioD  to  the  Mabpinetan  uiith.  Extinct  volcanoes  are  trace- 
able in  the  vicinity  of  Mount  Sinai,  and  from  thence  to  the  Dead 
Sea.  The  indications  of  volcanic  action  in  Persia,  and  jn  various 
parts  of  the  Asiatic  continent^  are  too  numerous  to  be  cited :  some  of 
the  mountains  far  removed  from  the  sea  still  emit  smoke  and  vapour. 

Pteudo-Volcanoes. — ^To  the  accidental  combustion  of  beds  of  coal, 
the  Germans  have  given  the  name  of  Pseudo-Volcanoes.  There 
are  instances  of  coal  mines  having  been  on  fire  for  many  years ;  but 
they  are  too  limited  in  extent  or  activity,  to  bear  any  comparison 
with  volcanic  fires.  Near  Bilston  in  Staffordshire,  .there  are  coal 
mines  which  have  been  continually  burning  for  a  long  period ;  the 
efiect  of  the  fire  on  the  beds  of  .clay  deserves  notice,  as  it  converts 
them  into  a  substance  resembling  jasper. 

There  have  been  instances  of  portions  of  the  Cliffi  of  England 
taking  fire. spontaneously,  and  burning  for  a  considerable  dme :  this 
is,  at  present,  the  case  in  a  cliff  near  Weymouth.  In  the  last  cen- 
tury, after  a  hot  summer,  and  heavy  rains,  the  cliff,  near  Charmoutb 
in  Dorsetshire  took  fire,  and  continued  burning  for  several  months. 
When  portions  of  the  clifi^  near  Whitby  in  Yorkshire  fall  upon,  the 
beach,  and  become  moistened,  they  are  sometimes  spontaneously  ig- 
nited. The  same  e^ect  takes  place  in  the  Staffordshire  coal  mmes; 
when  parts  of  the  bed  of  indurated  clay  which  forms  the  roof  of  the 
coal  faU  down,  and  become  moistened,  it  takes  fire  spontaneously : 
and  hence  this  combustible  clay  is  provincially  called  taw. 

All  these  instances  of  spontaneous  combustion  i^dmit  of  a  satisfac- 
toiy  explanation.  The  clifis  of  Charmoutb  and  Whitby  are  com- 
posed, of  lias  clay,  much  intermixed  with  bituminous  and  carbooar 
ceous  matter,  and  the  sulphuret  of  iron,  (iron  pyrites:)  such  is  also 
the  composition  of  the  inflammable  clay  which  k>rms  tbaroof  of  the 
coal  in  Staffordshire ;  and  the  clay  which  forms  the  cli&  near  Wey- 
mouth is  similar  in  composition  to  the  lias  clay  of  Charmoutb  and 
Whitby,  though  it  belongs  to  an  upper  part  of  the  secondary  strata. 
Iron  pyrites  abound  in  these  clifis ;  and  it  is  a  well  known  property 
of  this  mineral,  to  decompose  rapjdiy,  when  laid  in  heaps  and  moist- 
ened with  water.  During  this  rapid  decomposition,  sufficient  heat  is 
evolved  to  ignite  the  bituminous  matter  in  the  clay:  and  the  clay, 
when  once  ignited,  will  burn  for  a  long  period ; — ^this  is  proved  in  the 
process  employed  for  making  alum  at  Whitby.  There  can  be  litde 
doubt  that  this  spontaneous  combustion  might  be  imitated,  artificially, 
by  mixing  pyrites  and  bituminous  clay  or  shale,  and  moistening  the 
heap  with  water.  The  experiment  of  Lemery  is  well  known:  he 
mixed  twenty  five  pounds  of  powdered  sulphur  with  an  equal  weight 
of  iron  filmgs ;  and,  having  made  with  water  a  paste  of  the  mixture, 
be  put  it  into  an  iron  pot  covered  with  a  cloth,  and  buried  it  a  foot 
under  ground.  In  about  eight  hours,  the  earth  swelled  and  cracked, 
and  hot  sulphureous  vapours  were  exhaled ;  a  flame  vr,nB  observed 
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to  issae  through  the  cracks,  and  the  ground  was  covered  with  a  yel- 
low and  black  powder :  thus,  a  subterraneous  fire  was  produced  by 
the  chemical  combination  of  sulphur,  iron,  and  water.  In  the  cli£ 
of  Charmoutb,  Whitby  and  Weymouth,  we  have  precisely  the  same 
mineral  substances  combined,  that  were  used  in  the  experiment  of 
Lemery. 

•The  earth  itself  is,  in  all  probability,  the  great  laboratory  in  wbicb, 
by  the  aid  of  subterranean  beat,  are  combined  and  prepared  the  min- 
eral substances  that  compose  the  hard  crystalline  crust  of  the  globe. 
All  the  minerals  which  form  primary  rocks,  occur  in  a  perfect  state, 
in  modem  or  ancient  lava.  The  substances  ejected  through  fissures 
in  the  earth,  or  volcanoes,  belong  to  the  four  grand  divisieos  of  the 
mineral  kingdom, — ^the  inflammable,  saliqe,  metallic,  and  earthy. 

The  inflammcAk  substances  are  sulphur,  carbon,  and  hydrogen. 
The  inflammable  quality  of  sulphur  prevents  its  being  found  in  laTB 
in  a  solid  form ;  during  volcanic  eruptions  it  is  evolved  in  a  gaseous 
state  combined  with  hydrogen.  It  is  also  sublimed  from  the  fissures 
of  extinct  or  dormant  volcanoes,  and  forms  thick  incrustations  on  the 
sides  of  the  craters.  Almost  all  the  sulphur  of  commerce  in  Europe 
is  procured  from  the  craters  of  dormant  volcanoes  in  the  south  of 
Italy,  Sicily,  and  the  Lipari  Islands.  When  the  combustion  of  sul- 
phup  in  volcanoes  takes  place  where  there  is  access  to  atmospheric 
air,  it  forms  sulphiirous  acid  gas,  and  sulphuric  acid. 

Carbon  combined  with  hydrogen,  forming  bitumen,  is  found  io 
volcanic  rocks,  and  also  in  some  basaltic  or  trap  rocks.  The  volca- 
nic tufa  in  the  vicinity  of  Clermont,  in  France,  contains  so  much 
bitumen,  that  in  warm  days  it  oozes  out,  and  forms  streams  of  bitu- 
men resembling  pitch,  which  is  the  more  remarkable,  as  this  tufa 
must  have  been  erupted  some  thousand  years.  Bitumen  has  been 
observed  oozing  out  of  the  lava  of  iEina.  The  moya  ejected  from 
the  volcanoes  in  the  Andes,  in  aqueous  or  muddy  eruptions,  contains 
BO  much  bitumen  or  carbon,  as  to  be  inflammable.  As  bitumen  ex- 
ists in  many  volcanic  rocks,  the  black  smoke  which  issues  during  an 
eruption  may  proceed  from  its  combustion,  though  it  has  generally 
been  supposed  to  consist  of  minute  volcanic  sand,  called  ashes. 
Carbon  also  combines  with  hydrogen  in  a  gaseous  state,  and  forms 
carburreted  hydrogen  gas. 

The  hydrogen  gas  evolved  from  volcanoes,  or  from  chasms  in  the 
earth  during  earthquakes,  is  generally  combined  with  sulphur  or  car- 
bon ;  it  is  probably  formed  by  the  decomposition  of  water,  when  it 
finds  access  to  subterranean  fire.  Whether  phosphorus  be  a  pro- 
duct of  volcanoes  is  unknown :  its  extreme  inflammability  prevents 
it  from  being  discovered  in  a  concrete  form;  but  the  dense  white 
clouds,  like  bales  of  cottod,  which  sometimes  cover  Vesuvius,  resem- 
ble the  fumes  produced  by  the  combustion  of  phosphorus.  Among 
the  products  of  volcanoes,  only  three  are  combustible  at  a  moderate 
temperature  ;-*^ulphur,  hydrogen,  and  carbon.    It  has  been  conjee- 
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tured  hj  Sir  H.  Davy,  that  the  earths  aod  alkalies  which  form  lavas, 
exist  in  the  centre  of  the  globe  in  a  metallic  state,  and  take  fire  hj 
the  access  of  water.  The  property  of  the  newly  discovered  metals 
U>  inflame  instantly  on  the  access  of  water  o&rs  an  easy  explanation 
of  the  origin  of  volcanic  fires,  could  we  suppose  that  substances  so 
extremely"  inflammable  and  oxidable  have  remained  for  ages  in  a 
metallic  state.  This  theory  is  now  abandoned.  There  may,  how- 
ever, be  processes  going  on  in  the  v^st  laboratorv  of  the  globe,  that 
separate  the  earths  from  oxygeo,  and  prepare  them  for  the  support 
of  volcanic  fires,  by  which  they  are  thrown  upon  the  surface^  and 
thus  establish  a  communication  between  the  internal  and  external 
parts  of  our  planet. 

The  saline  products  of  volcanoes  are  not  numerous.  The  sul- 
phureous and  sulphuric  acids,  formed  by  the  combustion  of  sulphur 
during  eruptions,  act  upon  lavas  and  rocks,  and  produce  diflferent 
combiDations,  of  which  the  most  important  are  alum,  sulphate  of 
magnesia,  sulphate  of  iron,  or  green  copperas,  and  gypsum.  Muri- 
ate of  ammonia,  or  sal-ammoniac,  forms  an  incrustation  on  many  la- 
vas soon  after  they  cool :  muriate  of  soda,  or  common  salt,  and  mu- 
riate of  copper  and  of  iron,  are  found  in  the.  craters  of  volcanoes. 
Muriatic  acid,  in  an  uncombined  state,  occurs  in  some  of  the  spongy 
lavas  in  Auvergne. 

The  principal  metallic  substances  in  volcanic  rocks  are  iron  and 
titanium ;  but  ores  of  antimony,  copper  aod  manganese,  have  some- 
times been  found  in  the  craters  of  volcanoes.  Tellurium,  gold,  aod 
mercury  are  also  said  to  occur  in  some  volcanic  rocks.  The  island 
of  Ischia,  which  is  entirely  volcanic,  contains  a  mine  of  gold. 

Iron,  in  the  form  of  brilliant  laminae,  called  specular  iron,  occurs 
io  the  cavities  and  fissures  of  many  lavas.  Magnetic  iron  ore,  and 
oxide  of  iron,  with  iron  sand  and  titanium,  form  a  constituent  part  of 
nearly  all  dark-coloured  lavas  or  basalt. 

The  earthy  products  of  volcanoes  are  either  vitreous,  or  stony,  or 
scoriaceous,  or  spongy,  or  in  loose  grains  or  powder.  Volcanic 
rocks  are  composed  chiefly  of  felspar,  and  the  dark'-ooloured  min- 
eral called  augite ;  they  contain,  also,  hornblende  and  grains  of  mag- 
netic iron  ore,  wkh  titanium  and  iron  sand,  and  the  mineral  called 
olivine.  Mica,  leucite,  iron  pyrites,  garnets,  rubies,  and  zircon,  are 
also  found  in  some  volcanic  rocks.  The  different  states  of  lava, 
whether  vitreous,  compact,  or  scoriaceous,  depend  on  the  different 
circumstances  under  which  it  has  cooled. 

Volcanic  rocks,  being  composed  principally  of  the  two  minerals, 
felspar  and  augite,  very  minutely  intermixed,  derive  their  principal 
characters  from  the  prevalence  of  one  or  other  of  these  minerals. 
Those  lavas  in  which  felspar  gready  predominates,  have,  generally, 
a  whitish  or  greyish  colour,  and  melt  into  a  white  glass.  ^  The  lavas 
which  contain  a  large  portion  of  augite,  have  a  dark  colour,  and  melt 
into  a  black  glass.    According  to  M.  Cordier,  all  volcanic  rocks  that 
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have  flowed  as  lava,  and  which  appear  the  most  honaogeoeous,  are 
composed  of  microscopic  crystalline  particles,  beloogiog  to  a  small 
number  of  minerals,  particularly  felspar,  augite,  oliviDe,  and  iron 
sand ;  and  the  same  ioterinixture  of  minerals  may  be  obsenred  in 
all  scoriaceous  lava  and  in  basalt.  To  the  white  or  grey  lava,  com- 
posed principally  of  felspar,  the  French  have  given  the  name  of 
trachyte^  from  its  breaking  with  a  rough  surface. 

Trachyte, — Common  or  stony  trachyte  has  generally  a  whitish  or 
greyish  colour,  a  dull  earthy  fracture,  and  is  more  or  less  fine*grained; 
sometimes  the  grains  are  very  minute;  it  has  then  a  compact  surface, 
and  sometimes  a  glistening  lustre,  in  which  state  it  becomes  pearl- 
stone.  Its  hardness  is  variable ;  some  of  the  trachytes  near  Cler- 
mont are  spongy,  and  almost  friable.  Trachyte  melts  readily  into  a 
greyish  glass ;  it  generally  contains  iml)edded  crystals  of  vitreous 
jelspar.  Acicular  or  needle-shaped  crystab  of  hornblende,  hexa- 
gonal crystals  of  mica,  and  grains  of  iron  sand,  and  lamins  of  spec- 
ular iron  ore,,  occur  in  trachyte.  Augite  is  seldom  found  in  the  tra- 
chyte of  Europe,  though  it  is  common  in  the  trachytes  of  the  Andes. 
The  claystone  of  Braid  Hill,  near  Edinburgh,  nearly  resembles  some 
of  the  trachytes  in  Auvergne ;  but  it  is  not  porphyritic.  Trachyte 
may  be  regarded  as  an  earthy  form  of  felspar ;  it  is,  therefore,  un- 
necessary to  speak  of  its  constituent  parts.  To  the  variety  of  tra* 
chyte  on  the  Puy  de  Dome,  M.  Von  Buch  has  given  the  name  of 
domitei — a  term  which  the  French'  geologists  have  properly  rejected, 
as  it  is  only  common  trachyte,  rather  whiter  than  some  of  the  other 
varieties.  It  has  before  been  stated,  that  the  trachytes  in  Auvergne 
were  probably  formed  by  the  more  or  less  perfect  fusion  of  granite ; 
like  the  granite  of  that  district,  they  contain  but  a  very  small  portion 
of  quartz. 

Trachyte  occurs  in  the  Lipari  Islands,  in  a  perfectly  vitreous  state, 
forming  obsidian  or  volcanic  glass,  which  is  sometimes  colourless,  and 
sometimes  black ;  the  black  variety,  however^  forms  a  white  glass 
when  melted.  tThe  colouring  matter,  being  fugitive,  is  probably  bi- 
tumen :  in  this  res|>ect,  it  differs  from  obsidian  formed  from  dark 
lava  or  basalt :  the  latter  melts  into  a  black  glass.  Pumice  appears 
Co  have  been  formed  from  felspar  or  trachyte,  exposed  to  an  intense 
heat,  which  has  reduced  it  to  a  fibrous  mass. 

The  island  of  Lipari  contains  a  mountain  formed  entirely  of  white 
pumice :  when  seen  at  a  distance,  it  excites  the  idea,  that  it  is  cov- 
ered from  the  summit  to  the  foot  with  snow.  Almost  all  the  pumice- 
stone  employed  in  commerce  is  brought  from  this  immense  mine. 
The  mountain  is  not  one  compact  mass,  but  is  composed  of  balls  or 
globes  of  pumice  aggregated  together,  but  without  adhesion.  From 
hence  Spallanzani  infers,  that  the  pumice  was  thrown  out  of  a  vol- 
cano in  a  state  of  fusion,  and  took  a  globose  form  in  the  air.  Some 
of  these  balls  of  pumice  do  not  exceed  the  size  of  a  nut,  others  are 
a  toot  or  nK>re  inr  diameter.    Many  of  these  pumices  are  so  compact. 
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dmt  no  pores  or  fihoients  are  visible  to  the  eje ;  when  viewed  with 
ilensy  tbey  appear  like  an  accumulation  of  small  flakes  of  ice. 
Though  apparently  compact,  they  swim  on  water.  Other  pumice? 
contain  pores  and  cavities,  and  are  cotpposed  of  shining  white  fila- 
meats.  Bj  a  long  continued  heat,  pumice-stone  melts  into  a  vitreous 
semi-transparent  mass,  in  which  a  number  of  small  crystals  of  white 
felspar  are  seen.  Black  or  dark-coloured  pumice  is  more  uncommon* 
Humboldt  says^  he  has  seen  black  pumice  in  which  augite  and  horn- 
blende may  be  reco^ized ;  he  is  inclined  to  think  that  such  substan- 
ces owe  their  origin  to  basaltic  lavas,  which,  by  intense  heat,  have 
assumed  a  capillary  or  fibrous  form. 

Immense  quantities  of  pumice  are  sometimes  thrown  up  by  sub- 
marine volcanoes.  It  has  been  seen  floating  upon  the  sea  over  a 
space  of  three  hundred  miles,  at  a  gr^at  distance  from  any  known 
volcano :  from  hence  it  may  be  inferred,  that  submarine  volcanoes 
sometimes  break  out  at  such  vast  depths  under  the  ocean,  that  none 
of  their  products  reach  the  surface,  except  such  as  are  lighter  thao 
water. 

Obsidian,  or  volcanic  glass,  so  nearly  resembles  lumps  of  black  glass, 
that  they  can  scarcely  be  distinguished  by  the  unpractised  observer* 
Its  broken  surface  is  smooth,  conchoidal,  and'sbining :  the  most  com- 
mon cok>ur  of  obsidian  is  a  velvet  black.  The  thinner  pieces  are 
translucent.  It  is  harder  than  glass  and  strikes  fire  with  steel.  It  is 
common  in  the  neighbourhood  of  volcanoes,  and  in  sothe  basaltic  for* 
mations.  The  obsidian  accompanying  basalt,  contains  a  large  por- 
tion of  augite,  and  melts  into  a  black  glass,  as  before  mentioned ;  id 
other  respects,  its  mineral  characters  are  the  same  as  those  of  ob- 
sidian from  trachyte.  In  Lipari,  one  of  tiie  volcanic  isles,  the  moun- 
tain de  la  Castagna,  according  to  Spallanzani,  is  composed  wholly 
of  volcanic  glass,  which  appears  to  have  flowed  in  successive  currents, 
like  streams  of  water,  falling  with  a  rapid  descent,  and  suddenly  fro- 
zen. This  glass  is  sometimes  compact,  and  sometimes  porous  and 
spongy.  Numerous  veins  of  obsidian  are  said  to  intersect  the  cone 
of  Mount  Vesuvius,  and  serve  as  a  cement,  to  keep  together  the 
loose  materials  of  which  it  is  composed. 

On  the  elevated  plain  which  surrounds  the  conical  peak  of  Tene- 
riffe,  there  are  masses  of  obsidian,  which  graduates  into  pitchstone, 
cootaining  cr}'sta1s  of  white  felspar.  On  the  south-west  side  of  the 
peak,  there  is  a  stream  of  vitreous  lava  or  obsidian,  several  miles  in 
length.  Colonel  Imrie  describes  a  current  of  lava  in  the  island  of 
Felicuda,  intermixed  with  obsidian,  which  had  been  flowing  with  it, 
and  now  forms  part  of  the  congealed  stream.  ''  In  some  parts  the 
obsidian  is  seen  losing  its  brilliancy,  and  passing  into  granular  lava, 
which  becomes  similar  in  colour,  fracture,  and  texture,  to  the  other 
parts  of  the  stream.  Where  the  obsidian  appears  in  a  state  of  per- 
fect glass,  it  is  very  near  to  where  it  has  been  first  ejected  from  the 
side  of  the  crater,  and  in  a  situatibn  where  it  must  have  undergone  a 
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rapid  cooling.  In  some  parts  of  these  congealed  streams,  I  could 
trace  a  transition  of  the  obsidian  into  pumice.  In  these  places,  the 
obsidian  contained  scattered  air  globules,  which  were  almost  always 
lengthened  in  tb^  direction  of  the  stream.  These  globules  gradually 
augmented  in  number  until  the  whole  substance  became  a  light,  fra- 
gile, and  frothy  pumice."*  Obsidian  is  found  in  the  crater  of  Vukaoo, 
one  of  the  £olian  islands,  and  may  he  seen  forming  there  at  the 
present  time. 

Rocks  of  trachyte  sometimes,  though  rarely,  have  a  columnar 
structure.  Owing  to  the  facility  with  ^hich  trachyte  breaks  down,  it 
forms  beds  of  conglomerate  intermixed  with  scoris  and  pumice.  The 
more  finely  comminuted  parts  of  trachyte,  intermixed  with  earthy 
matter,  form  beds  of  tufa.  These  beds  of  conglomerate  and  tufa, 
frequently  environ  tracbytic  mbuntams,  and  hide  from  the  view  of  the 
geologist  their  connecdon  with  the  subjacent  rocks^ 

When  trachyte 'becomes  compact  and  bard,  and  acquires  a  laminar 
or  slaty  structure,  it  passes  into  clinkstone  or  phonolite,  so  called  oo 
account  of  its  yielding  a  metallic  sound  when  struck.'  (See  Chap. 
IX.,  where  it  is  observed,  that  dark  lava  or  basalt  also  passes  into 
clinkstone.)  Thus  it  appears  that  both  the  light-coloured  lava,  or 
trachyte,  and  the  dark-6oloured  lava  or  basalt,  according  to  the  dif- 
ferent degrees  of  heat  to  which  they  have  been  subjected,  or  the 
different  circumstances  under  which  they  have  cooled,  form  volcan- 
ic glass,  clinkstone,  or  pumice ;  and  the  only  difference  to  be  observed 
in  the  minerals  formed  from  the  trachyte  or  the  basalt,  is  a  difference 
of  colour  in  the  minerals  themselves,  or  in  the  glass  which  they  yield 
when  melted.  Black  pumice  from  basalt  is  however  very  rare.f 
Basaltic  dykes,  and  the  overlying  rocks  of  porphyry,  trap,  and  basalt, 
described  in  Chap.  IX.  ought,  I  am  persuaded,  to  be  classed  with 
ancient  volcanic  rocks,  but  their  igneous  origin  is  not  yet  universally 
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t  According  to  the  microscope  and  mechanical  analysis  of  light-colonred  and 
dark  lavas,  by  M.  Cordier  (whether  compact  or  scoriaceous),  it  appears  that  the 
stony  lavas  which  melt  into  a  white  glass,  contain  ninety  per  cent,  of  felspar. 
Those  lavas  which  melt  into  a  bottle-green  glass  or  enamel,  contain  only  from 
fifty-five  to  seventy  per  cent,  of  felspar ;  such  arevthe  greenish,  greyish,  or  dark- 
coloured  basalt.  On  a  microscopic  examination  of  darK  lava  or  basalt,  it  appears 
to  consist  of  minute  crystalline  grains.  The  whitish  firrains  belong  chiefly  to  fel- 
spar, but  in  the  lava  from  Vesuvius,  to  leucite;  a  small  proportion  of  these  snins 
are  chrysolite.  The  yeUowish  or  greenish  grains  belong  to  augite  and  hornblende : 
those  01  augite  are  rounded  and  irregular,  with  a  vitreous  fracture  and  splendeot 
lustre.  The  grains  of  hornblende  are  long,  and  assume  a  prismatic  form;  they 
present  indications  of  a  laminar  structure,  and  have  little  lustre.  The  perfectlr 
olack  grains  are  iron  sand,  combined  with  titanium ;  the  grains  of  iron  ore  {fer  9I9- 
giste)  may  be  known  by  yielding  a  red  powder  when  pulverized.  Volcanic  glass, 
volcanic  scoriae,  and  volcanic  tufa,  are  all  composed  of  the  same  minerals  as  the 
most  compact  lava;  and  all  the  most  homogeneous  dark  volcanic  rocks  are  compos- 
ed of  minute  microscopic  grains,  which  are  chiefly  felspar  and  augiie,  with  a  small 
proportion  of  olivine  and  iron  sand.  M.  Cordier  informed  the  author  that  the 
microscopic  examition  of  lava  was  much  facilitated  by  steeping  the  piece  10  be 
examineain  dilute  muriatic  acid. 
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idmiitad,  and  it  is  de^raUe  tb  separate  iheore^al  views,  from  a  de* 
scriptioo  ^f  facts.  This,  however^  cai^t  alatays  be  done^  circum* 
stances  whicb  indicate  the  mode  of  rock  formations,*  will  desenredljr 
force  theonaelyes  o»  our  attention ;  and  in  stating  tiieoi  lairlj^  ana 
the  ioferenoes  which,  m^j  be  drawn  from  themi  we  reliei^  C^ogjr 
from'  tnucb  of  its  diynesa^  and  stimu^ite  succeeding  bbaerren  la  a 
fltridloTefftigfilion  of  nature. 

DarkfCdloured  recent;  lava  does  not  differ  esseDtially  from  baaak) 
it  is  generally  more'  porous.  Probably  .the  odmpaot  atato  of  bank 
was  the  reselt  of  refrigeration  under  pressure;  it  may,  hbwerer,  be 
frequently  observed  in  Auvergne,  passing  into  the  state  of  sooriace-* 
ous  lava.  Some  of  the  recent  lavas  from  Vesuviua  are  compact, 
and  have  a  glistening  lustre,  but  they  >are  more  qt^mmoaly  porous. 
In  some  volcaqio  eruptions,  kva  appiears  tp  have  acquired  t{]e  most 
perfect  fluidity*  According. to  Professor  Bottis,  who  was  a^  eye<- 
witaesB  of  the  eruption  of  Vesuvius  io  1776,'  tbe  lava  spouted,  froiB 
three  small  apertonfts,  ^precisely  like  watery  forming  beautiful -foup^ 
tains  of  fire,  which  described  curves  of  diflbrent  dimensions  as  they 
fell.  In  the  same  year,  9  current  of  lava  from  the  summit  of  Vesu* 
vius  flowed  with  the  velocity  of  a  mile  and  a  half  irt^  fourteen  tnin- 
utes;  it  struck  upon  the  lava  of  1771;  and  rebounded  in<p  the  air, 
congealing  in  figures  of  varipus^apes.  The  length  of  time  wbiph 
currents  of  lava  retaia  their  heat  is'truly  reniarkabl^:  the,  current 
which  flowed  from  iBma  rn  1669  is  two  miles  .in  br^iEidth,  JSfteett 
miles  in'  length,  and  .two  hundred  fee't  in  depth-;  it  retains  a  por- 
tiofl  of  jts  heat  to  the  present  day.  Ferrera  .says,  when  this  |ava 
was  .perforaied  at  Catania  in  1809,  flames  broke  ouf}  and  it  contin* 
tied  to  sipoke  at  the'  surface  after  rain,  at  the  beginning  of  tbe  prcs* 
ent  century,  or  130  years  after  Its  eruption*. •.     *      ^         ^ 

Stones  of  enorrpous  size  are  frequently  projected  fronf  the  craters 
ofvolcaooes;  but  th^  quamity'of  matter  which  they  throw  obi  in  tbe 
state  of  scoriss,  sand,  and  powder,  often  exceeds  that  erupted  in  tbe 
slate  of  lava,  and  is  spread  ovei;  distant  countries.  By  tbe  percola- 
tion of  crater  it  becomes  agglutinated,  and  forms  bedsgl*  yolcanio 
breccia,  and  tufa.  Sometimes  the.tufa  is  sufficiently  soHfl  to  be  ilsed 
for  building-stone ;  the  Romati  pepperipo  is  a-volcapic  iufii.  Poz^ 
acrfana  consists  of  minute  particles  of  scorie,  wfaich  have  been  par* 
tially  decomposed :  when  mixed  with  lime,  it  makes  a  tnaer^settiDg 
cement.         .  ' 

Some  voksanic  rocks  decompose  rapidly,  and  form  productive 
soils ;  others  resist  the  process  of  decpmpositkm  so  effectualljr,  that, 
after  the  lapse  of  some  thousand  years;  they* present  alt  the'freshness 
of  the  most  recent  lavas. 

Jlge  rf  Volcanic  l2ocX:f.-^Notfaioe  precise  c'ai)  be  deterpined  with 
respect  to  the  relative  age  of  volcanic  rocks,  except  in  those  district! 
where  tbey  ocQur  together,  one  covering  the  other...  Humboldt,  wbq 
has  aHeffiiHed  to  trace  the  difl^ent  ages  of  vokwic  ibrmatiobs^  oIh 
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serves,  that  tbepre  are  trachytes,  dinkstoDes,  and  basaltsy  of  di&rart 
ages;  but  in  proportion  as  ^e  ackaoce  towards  the  tnore  recent  vol- 
canic  forniations,  they  appear  isolated,  siiperaddedj  and  stringers  to 
the  soif  id  which  they  are  Jound.  -  *  The  lavas  from  existing  volcanoes 
vary -at  difiereot  periods  j6f  their  j^ruptioos;  we  may,  therefore,  weH 
poDceive,  that  the  volcanilc  masses  wbich,/doring  thousands  of  yean 
have  been  progressively  raised  to  the  surface  tinder  very  diftrent  cir- 
cumstances of  pressure  and  refrigeration,  should  present  strikmg  cod- 
trasts  and  anatogies  of  structure  and  compositioa* 

0B]IKR(VATI0KS« 

From  the  various  phenomena  which  volcanoes  present,  we  nnf 
with  ptobability  infer,  that  the  internal  pari  of  our  planet  is  either 
wholly  or  (mrtisHy  in  an  igneous  state,  however  difficult  h  ntay  be  to 
explain  in  what  manner;  this  heal  is  gefnetated  and  confined.  In  eve- 
ry d^partnietit  of  nature,  our  enquiries  are  terminated  by  oltimtte 
facts,  beyond  which  further  research  beeomes  iwia.  The  coosUnt 
generation,  and  emission  of  light  from  the  surfa^  of  the  sun  b  man 
inexplicable  and  surprising,  than  the  constant  generation  of  heat  io 
the,  c/entfe  of  our  planet ;  but  we  "Canaot  jrefuse  our  asHe'nt  to  the  fact, 
though  it  18  far  Jbeyond  the  power  of  the  hum^n  mind  to  conceive,  hj 
wj>at  means  the^  particles  of  light  are  propelled  through  space  with 
such  astoiiishing  velocity.  We  are  too  apt  to  measure  natural  opera- 
tions by  their  coincidence  with  the  received  systems  of  philosophf, 
and  to  make  our  own  ignorance  the  standard  of  truth.  •  Had  all  the 
v6lcanoes  in  the  world  be^en  dormant  for  the  last  two  thousand  jears, 
and  were  we  acquainted  With  their  existence  only  by  the  writiDgs  of 
anctent  historians,  we^  should  discredit  thei  fact,  and  prove  its  impossi- 
bility by  an  appeal  to- establish  chemical  principles;  we  shotfld  fu^ 
ther  accompany  the  proof  with  a  pathetic  lamentation  over.tbe  credu- 
lity of  former  times.  The  descent  of.  stones  fro^i  the  atmosphere  wai 
denied  during  a, longer  period,  .though  the  fact  is  now  established  be- 
yond all  doubt. 

Admitting  the  existence  of  central  fire  in  the  earth,  it  is  not  diffi- 
cult to  conceive  th  At  there  maybe  determiilate  causes,  by  which  at 
certain  periods  its  intensity  is  increased  or  diminished*  We  know  lit- 
tle respecting  the  operation  of  electric  or  voltaic  eriergy  in  theUhor* 
atpry  of  natul-e,  but,  from  the  existence  of  electric  li^t  at  the  poles, 
we  ivlky  infer  that  electric  currents  are  passing  through  the  earth,  and 
are  important  agents  in  many  subterranean  phenomena.  Perhaps  the 
difierent  beds  of  rook  wHich  environ  the  globe  may  act  like  a  series  of 
plates  in  the  voltaic  pile,  and  produce  effects  commensurate  with  their 
vast  magnitude.  Yoltaki  energy  is  capahle  of  supporting  the  most  in- 
tense decree  of  beat  without  access  to  atmospheric  air,  or  eveil  in  t«- 
puo ;  and  this  for  an  iivdefimte  time. 

Whatever  origin  we  ascribe  to  subterranean  fire,  it  must  be  recol- 
lected, that  its  action,  when  confined  beneath  the  earth,  is  altogether 
diflferetit  from  that  of  fire  on  the'surface,  which  changes  ahd  decompo- 
ses aTmost  ail  substances  efzjwsi&d  to  its  action.  •  It  is  well  knowo  that 
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(be  ooflt  inflammable  BnbataDceB,  carbon  and  sulphur,  wben  subjected 
to  intense  heat  in  vacuu,  ujodergo-no  change  in  their  weight  or  prop- 
erties. It  is  only  when  air  or  water  obtains  access '  to  volcanic  fire 
that  it  can  produce  effects  analogoxis  \o  those  of  ^combustion  on  the 
surface.  Indeed,  it  appears  probably,  that  vokanic  explosions  and 
eraptiohs  are  occasioned  by  thj?  access  of  water  to  subterjranean  fire. 
A  sudden  erolution  of  steaih  and  vapbur  thus  producedv  will  force  a 
passage  to  the  surface,  in  those  parts  where  the  incumbent  rocks  offer 
the  1^1  resistance,  and  the  lava  and  fragments  of  rock  will  be  ejected 
with  a  force,  proportionate  to  the  quantity  of  steam  or.air  auddenly 
evolved* 
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CHAPTER  XIX. 

-    ■       •     .       *  •  '  . 

CH  THB   REfOSlTOiaKS   OV  METALLIC   ORES. 

Metallic  Matter  disseminated  tb rough  Ro61rs. — Masses  of  Metallic  Ore.— Metallie 
Beds. — Metallic  Veins. — Rake  vetfas. — ^Plat  Veins!"— Accumulated  Veins.— 
Crotfc  Coorses. — The  remarkable  Structure  of  the  Botallack  Miae  worked  uw 
dcr  the  Sea. — On  the  Formation  of  Metallic  Ores. — Remi^rkAhle  PhenomeDa  in 
Mines.-^8tream  Works. — Gold  disseminated  in  the  Sands  of  Risers  in  Africa, 
-  atad  North  and  South  America.— Rooks  in  Which  certain  Metallic  Ores  are  found. 

.  The  rocks  and  Strata,  described  in  fbe  preceding  chapters,  are 
coihpbsed  of  earthy  nninerals,  ^sometimes  coit^h'rned  with  a  portioo  of 
metallic  itiatter,  >vbioh  in  such  instances  may  be  regarded  as  a  coo- 
fltitueiit.part  x)f  rocks.  The  mineral  substapces  to  be  described  in 
the  present  chapter,  as  forming  beds  or  veins,  or  irregular  masses,  or 
grains  imbedded'  io  other  rocks,  consist  of  metallic  matter  either 
pure,'qr  in  combination  with  sulphui*,  oxygen,  or  acids. 

The  ditference  of  external  character  between  a  pure  metal  and  an 
eHrth  is  so  great,  that  we  find  some  difficulty,  at  fir^t,  in  conceiving 
how  metallic  matter  can  form  b^ds  ioterstraiified  with  earthy  rocks; 
but  the  discoveries  of  modern  chemistry  have  shown,  that  metallic 
and  earthy  minerals  are  closely  allied.  Nothing -can  appear  more 
essentialty  different  than  a  piece  of  polished  iroti  and  a  piece  of  mar- 
Ue  or  shte ;  yet  if  iron  be  exposed  to  the  action  of  air  and  water 
it  is  converted  into  rust,  aad  in  this  state  is  known  as  ochre ;  and  be- 
tween ochre  and  powdered  stone  there  is  little  difference  of  eiternal 
character ;  nor  .would  any  one,  unacqfuainted  with  chemistry,  suspect 
that  ochi[e  was  a  metallic  mineral.  The  ochre  can^  however,  be  ea- 
sily  reconverted  into  metallic  iron:  but,  to  convert  the  earths  into  a 
metallic  substance  is  a  difficult. process,— yet,  it  has  been  effected; 
and  it  is  further  proved,  that  both  earths  and  alkalies  are  metallic 
eub^tances  combined  with  oxygen^  The  metallic  nature  of  the  earths 
being  ascertained,  we  can  no  longer  be  surprised  that  metallic  min- 
erals shotild  be  found,  interntixed  with  earthy  minerals,  in  rocks* 
Iron'is  iottod  combined  with  earths  in  almost  all  rocks  that  are  not 
white ;  and  to  the  presence  of  irdn  they  generally  owe  their  colour, 
whether  red,  brown,  or  black. 

The  other  metals  barely  occur,  chemically  combined  with  rocks  or 
strata,  but  are  foimd  either  disseminated  in  grains  or  irregular  pieceSi 
or  forming  beds  between  earthy  strata,  or  filling  veins  that  intersect 
rocks  in  different  dii'eciions,  as  represented  Plate  IV.  fig.  4.  a  and  6. 

The  metals, '  except  gold  and  platina,  are  rarely  found  pdre,  but 
are  generally  combined,^  either  with  sulphur,  oxygen,  or  acids;  in 
this  state,  they  are  called  cires.  When  the  metals  occur  pure,  tbey 
are  called  native  meiah;  thus  we  have  native  gold,  native  iroBi  &c. 
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ores  and  native  metals  are  sometimes  disslNninated  io 
grains  through  rocks;  and  when  tbey'are  abundant^  the  whole  mass 
of  the  rock  is  worked  as  a  mine  $.  but  this  is  seldom  the  case.  Tio'* 
stone,  or  the  oxide  of  tin,  is  sometimes  disseminated,  in  grains;  ia 
grsnitio  rocks  in  Cornwall,  but  it  is  generally  in  fhe.ricioity  of  a  vtm 
of  UD  ore,  that  disseroinated  grains  of  tinstone  are  found  in  the  rock. 
At  W«d  Duchy  mine,  near  Cailington,  silVer  ore  is  obtaioed,.  both 
from  a  vein  which  intersect^  the  htl),  and  from  the  roek  itself,  at  a 
considerable  distance  from  the  veih^  From  a  section  of  ^  the  mine 
shown  me  bv  the  propr.i)etor,' it  appears  that  in  the  rock,  ^ich  if 
while  killas  (a  silvery  clay  slate),  tbe  ore  js  disseminated  in  various 
parts,  or  is  collected  in  bunches.  The  silyer  is  found  native  in  fila^ 
meats,  or  in  the  state  of  vitreous  silver  pre,  black '  silver,  and  -mlbj^ 
silver.  Gold  frequently  ocours  in. grains,  disseminated  through  aoM 
rocks,  or  in  the  iands  of  rivers.  Considerable  masses  of  tnetallio 
ore  are  sometiioes  found  in  rocks,  paiticolarly  of  iron  ore ;  hut  these 
masses  are  generally  formed  by  the  meeting  of  numefous  ?eibs,or 
are  parts  of  metallio  beds:  that  are  gready  enlarged  t«-4bey  will  be 
described  with  beds  and  veins. 

MUaUieB$d$. — Some  metallte  oresoQcur^  taking  thai  form  of 
regular  strata  in  th6  secondary  rocks,  or  of  beds  in  transition  and 
primary,  socks.  Ironatoae  in  thib  Sti^ta,  alternates  with  ceal,  ^^coal- 
shale,  and  sandstone,  and  has  been  described  with  the  coal  strata, 
in  Chap.  Vm. 

Iron  ore  often  forms  hedsof  oonsideraUe'tliickness;  interposed  be* 
tween  rocks  x>f  gneiss,  mica-slate,  and  slate;  MetalUc  ores,  in^beda 
or  strata,  may.be  regarded  as  constituent  partsof  tbe  rocks  io  which 
dier occur,  .and  roust  be  cotempbraneous  with  them;  tbe  i^etatlie 
and  the  earthy  minerals  have  been  deposited  at  the  same  titiie,^and 
have  probably,  been  separated  by  chemical  affinity;  during  the  pro* 
cess  of  coDsoiidatioo*  Sometimes,  the  metiillic  matter  is  intermixed 
with  a  bed  of  slstd^  or  of  other  rocks,  in  such'  Sbtitfdei^,  that  the- 
whoie  bed  is  worked  zi  a  metallic  ore.  When  a  bed  of  meuUic 
matter  swells  out,  irregularly,  to  a  considerable 'tbickDcss,  it  forms 
masses  of  ore,  which,  in  some  iiistkhc^s,  attain  (he  magnitude  of 
small  mountains )--eucb  are  thd  nK»untains  of  ii^on  ore  .in  Sweden 
and  Norway.  Metallic  beds  are,  however,  of'  limited  extent ;  they 
seldom  traverto  a  whole  mountain  or  mountain  range,  but  they  j;tad* 
oally  or  suddenly  become  narft>w  and  terminate,  or  in  the  miners^ 
language  Widge  ouU  There  aiiB  few  knowh  beds  of  metaitic  ores 
io  Englatid }  the  principal  repositories  of  metallic  matter  are  in  veins* 
I  have  however  ascertained,  that  the  cq>per  mines  formerly  wrought 
in  tbe  transition  rocks  of  Cumberland,  were  beds  of  coppek-  pyritesf 
interposed  between  the  beds  6f  the  mountains  in^  .which  ithey  were 
found,  and  not  intersecting  them  like  veins.  The  beds  of  rock  be* 
ing  highly  inclined,  the  thin  metallic  beds  between"^  them  have  been 
mistaken  for  veins.    I  believe  that  several  metaUic  repositories  m 
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Other  c6iiotie8,  which  have  b^n  described  ts  veios,  are  in  reality 
beds;  ihe  distinctton  betw.een  be^s  and: veins  not  being  well uoder- 
stodd,  they  are'  both  ealled  veins  by  working  miners.  Tlie  maoga- 
oese  itiines  at  Doddiscorobe  Leigfb,  in  Devooshire,  are  irregular  beds 
'  of  oxide  of  manganese,  inr  red  sandstone.  The  iron  mine  at  Daboe- 
tnora  in  Sweden  is  an  enormous  bed,  which  has  swelled  out  to  the 
thickness  of  one  hundred  and  eighty  feet^  of  nearly  compact  ore* 
Copper  pyrites  sometimes  occu^&  in  bedsV  biercury  has  also  beea 
found,  disseminpited  in  beds  of  clay  and  sandstone*  Black  oxide  of 
cobalt  is  found  in  beds,  at  Alderly  £dge  in  Cheshire. 
.  MeicUic'  F^eiruf, — ^Perhaps  .the  reader  may  obtain  a  clearer  notion 
of'  a  metallic  vein,  by  first  imagining  ta  crack  or  fissure  in  the  eanh, 
a  foot  or  more  in  width,  and  extending  east  and  west  on  the  surfacet 
many  hundred  yards.  Suppose  the  crack  or  fissure  to  descend  to  an 
unkoowA  depth,  not  in  a  perpendicular  direction,!  but  sloping  a  little 
to  the  north  <>r  south.  Now,  let  us  agam  suppose  each  side  of  the 
fissure  to  become  coated  with  mineral  matter,  of  a  difiereot  kind 
frbm'  the  rocks  in  which  the  fissure  is  made,  and  ffaen  the  whole  fis* 
sure  to  be  filled  by  successive  layers  of  -various  metallic  and  miDetal 
substances;  we  shall  thus  have  a  typ.eof  a  metallic  vein.  Jtscourte 
from  east  to  west  is  ealled  its  direction^  end  the  dip  from.tbe  perpen- 
dicalar  line  of  desdept  is  called  in  miners'  language  the  haiiMg  of 
the  yeio.  Thus,  -i^  li  said  to  heuU.  or  dip  to  the  south  or  north,  be. 
Now  it  is  obvious,  that  if  the  direction  of  the  vein  were  changed,  or 
ks  width  increased  or<limioished,  and  the  bad^  ^r  dip  were  increased 
or  diminished  also,  we  sl^ould  still  have.aU  the  essential  conditions  of 
a  metallic  vein  remaining.  Let  u^  now  proceed  to  describe  existing 
metallic  veins.  They  appeiar  <o  have  4)eeo,  originally,  fissures  cutting 
through  different  beds  ot  rock^  that  have  been  subsequendj  fili^ 
with  metallic  ores,  intermixed  with  other  mineral  matter,  of  a  difier- 
ent  nature  trota  that  of  thfi  rock  which  is  interseoted»  Metallic  veins 
are,  therefore,  tonsidered  to  be  of  posterior  formation  to  the  rocks 
in  which  they  are  found :  and  where  a  veb  cuts  through  difierenc 
rocks,  it  19  evident  that  jts  forination  mustliave  been>  more  recent 
than  that  of. the  roek^  which  it  mtersects;  btit,  where  a  vein  b  found 
only  in  one  b^.of  rock,  the  fissure  may  have  been  formed  and  fM 
at  the /period  whep  th^  rock  was  consolidated;  Metaljic  veins  are 
ibuod  priilcipally  in  primary  and  traosiiion  rocks,  or  in  the  very  low- 
est of  ihe  secoiklary  ;Btrata  2  they  are  often  separated  from  the  rocks 
they  intersectt  hy  a  thin  wall  or  lioing  of  mineral  substances  distinct 
from  the  rock,  and  sometimes  also  by  a  layer  of  clay  on  each  side  of 
tfae  vein.  The  same  substance  which  forms  the  .outer  coat  of  the 
vein,  isalso  frequently,  intermixed  with  the  ore,  or  forms  layers  al- 
ternating with  it :  this  is  called  the  matrix,  gangue,  or  veinstone.  It 
appears  as  if  the  ore  and  the  veinstone  had  at  di^rent  times,  beeo 
formed  ^<^ver'  each  othef,  on  the  sides  of  the  vein,  till  they  met  and 
filled  dp  the  fissure. 
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Sometimes,  the  ore  extends  in  a  compact  mass,  from  one  side  of 
the  veiD  to  the  other;  'but,  not  unfreqpently,  there  are  hollow  spaces 
in  veins,  called  cfrt/m,  which  are  lined  with  crystals;  in  these  cavi* 
ties,  the  most  beautiful  and  regular  ctystalline  forms  are  •  obtained^ 
Metallic  veinsy  often,  divide  andimite  again,  and, ,  soroetipQes,  thej 
separate  into  a  number  of  smaller  branches,  called  strings.  A  gen- 
eral idea  of  the  -different  modes.in  which  metallic  veip^  intersect 
rocks,  and  are  sometimes  intersected  by  each  other,  is  rejtresemed  io 
Plate  IV,  fig.  4.       -  '.  ^ 

To  what  depth  metallic  veins  descend,  is  not  known,;  nor  is  it  af« 
eertfitned,  whether  they  generally  groW' wider- or  narrower"  ipdbeir 
descent.  The  opinions  of  minxes  on  this  subject  aire  so  various 
that  it  may  fairly  bcinferred,  that  veios'differ,  in  this  respect,  in  dif- 
ferent situations.  No  instances)  I  believe,  have  occurred  of  a  vein 
being  absolutely  worked-outin  depth,  though  it  often  grows  too  poor 
to  repay  the  labpur  of  working  deeper :  more  frequently,  tijie  farther 
descent  of  the  miner  is  stopped,  ;6y,the  difficnity  or  expense  .of- te« 
rooving  the  water..  Veins  are  seldom  rich  in  ore- near  the  sopface, 
but  increase  in  richness  as  they  descend,  and  at  greater  depths  be- 
come poorer  again*  When  Pryqe  wrote  the  '^  Mineralogy  of  Corn- 
wall,*?  it  was  believed  that  the  richest  state,  of  a  mine  for  copper  m 
that  coiraty^  was  from  eighty  to  one  hundred  yar^s  deep  |  and  for 
tin,  frotn  forty  to  one  hundred  and  twenty  yards.  This  account  bj 
na  means  agrees  with  the  pr6sent«state  of  the  Cornish  mines.  Cop* 
per  and  tin  are  procured  in  epnsiderable  quantities  .at  the  depth  of 
four  hundred  and  fifiy-six  yards,  in  the  Doicoatb  raihe.  The  Ectoo 
copper  mine,  in  Staffordshire,  is'  now  worked  at  the*  depth' of  four 
hundred  and  seventy-two  yards  i  it  is  the^deepest  mine  in  England* 
The  deepest  mine  that  has  been  worked  in  Europe,  ot  in  any  part  of 
the^orid,  is  one  at  Truitenberg,  in  Bohemia,  which  is  one  thousand 
yards  below  the  surface.   .  /  i 

Metallic  veins, frequently  contain*  different  ores  at  varfous  depths. 
Iron  ore,  copper  ore,  cobalt  ore,  and  silver'  ore,  succeed,  each  other 
b  some  of  the  mines  in  Saxony. 

In  France,  there  are  mines  which  contain  copper  pre  in  the  lowest 
part,  silver  ore-  above,  and  over  that  iron  ore. 

In  Cornwall,  blende,  a  sulphuret  of  2inc,  frequently  abowids  ,io 
the  upper  part  of  yeinsthat  becbme  rich  invcopper  as  they  descend ; 
the  blende  varely  continuing  to  any  considerable  depth.  In  the  same 
district,  tin  is  also  commonly  foun4  at-  a  small  depth.  In  veins  which 
afterwards  prove  rich  in  copper.  ^^  Among  other  instances  that  might 
be  quoted,  are  the  two  deep  extensive  Copper  mines  called  Huel 
Unity,  and  Cook's  Kitchen,  both  of  which  were  at  first  vrorHed  for 
tin.  In  both,  the  tin  was  soon  extracted ;  but  it  should  be  noted  ^s 
an  uncommon  circumstance,  that  in  the  latter  mine,  after  working  to 
the  depth  of  one  hundred  and.  eighty  fathoms,  first  through  tin,  and 
afterwards  throu^  copper,  tin-  was  found  againj  and  has  icontioued 
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down  to  iu  present  depth  of  two  hundred,  and  ten  fatboiDB  fioom  the 
surface,  it  oughts  .however,  to.  be  added,  that  some  portioD  ofdn 
waa  found  in  different  parts  of  the*  vein^  whibh  may  therefore  be  said 
to  have  prevailed  more  or  less  from  the  surface  to  the  present  work- 
ino.'?*    .  . 

The  thickness  of  i^eins,  tfnd  the  quantity  and  quality  of  the  ore  they 
0OQtain9  i^ary  iq  every  mine.  Some  veins  are  oqly  a  few  inches 
wide ;  others  are  several  feet^  and  sometimes  aeveral  yards,  id  width. 
Veins  are  often  narrow  in  one  part,  and  swell  out  in  another.  The 
vein  at  the-Dolpoath  robe  in  Cornwalli  varies  from  two  or  three  feet 
to  fpFty  feet  ;^  and  in  some  places  it  contracts  to  little  more  than  six 
ioch^..  The.  veinstone  is'. quartz,,  in  which  are  imbedded  masses 
called  bunches  ptcopper  pyrite^rConsistinjS  of  copper  combined  with 
su|phur  and. iron.  .      .       ,      '. 

JSeside  rake  veins,  t|iere  are  other  mineral  repositories,  called  flat 
veins,  or  flat  works,  and'  pipe  veins.  In  some  instances,  a  rake  vein 
depKnes  from  i^  re^ar  inclination,  takes 'ihts  diredtion  of  the  beds 
of  tpck,  running  between  them  fix  a  greater  or  less  extent,  and  then 
resumes  its  fplrmer  inclination.  -Jn  other  i^stancesrthe  cavities  be« 
tweep  beds  or  strata;  are  filled  with  metallic  ores,  lying  between  an 
upper  and  lower  stratum,  like  a  Se^m  of  coal,  and  are  subject  to  sim- 
ilar .dislocations :  but-  these  are  not  regjolar  strata ;  they  may,  fre- 
quently, be  traced  to  a  perpend iculaj^  or  rake  vein,  from, which  they 
appear  to  be  htteral  expansions ;  see  Plate  VIL  fig.^)*in  which  the 
regula;*  vem  is  seen  desqendmg,  and  the  flat  vein  branchiiig.-oflr  on 
each  side  near  the  bottom.        . 

There  is,  generally,  what  is  .called  a  rider,  or  mass  pf  mineral  mat* 
ter,  between  the  ore  of  very  strong  rake  veins^  and  that  in  the  fiat 
veins,  at  the  place  of  junction.  The  flat  veins  that  jun  parallel  be- 
tween the  strata,  frequently  open  into  large  cavities  filled  with  ore 
and  veinstone ;  these  cavities  close  again  by  the  cootractiog,  or  what 
the  miners  call  twitching  qf  the  sides,  by  which  the  ore  is  nearly  or 
tptally  exeluded.  Such  expansions  and  twitchiogs  are  alao  oommoo 
to  rake  veins,  its  represented  at  c  c,  Plate  IV.  fig^  4. 

The  hiee  jc4)n,  or  fluor  spar  mine,  near  Gastleton,  is  of  this  kind. 
The  vein  which  contains  this  spar  is  separated  from  the  limestone 
lock,  by  a  lining  of  cawk  or  sulphate  of  barytes,  and  by  a  thin  layer 
of  unctuous  Hsiay;' it  swells  out  into  lai^e  cavitiesr  which  contract 
again,  and  entirely  exclude  the  ore,  leaving  nothing  but  the  lining  of 
the  vein  to  conduct  thfs  nvner  to  another  t^epository  of  the  spar.  The 
crystallizatKNis  and  mineral  incrustations  on  the  roof  and  sides  of  the 
flfatural  caverns  whk$b  are  passed  through  in  this  mine,  far  exceed  ia 
beauty  (hose  of  ^ny  other  cavern  in  England ;  and  were  the  descrip* 
tions  of  the  Grotto  of  Antiparos  translated  into  the  siniple  language  of 
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truth,  I  am  iDcIined  to  believe,  it  would  be  found  inferior  in  magoifi- 
cence  and  splendour  of  miueral  decoration,  to  the  natural  caverna  in 
the  fluor  mine.  This  mine  is  rarely  visited  by  travellers :  the  de- 
scent is  safe,  but,-  the  roof  being  low  in  some  parts,  it  is  rather  diffi- 
cult of  access. 

The  pipe  vein  may  be  described  as  a  tubular  mass  of  ore  and 
veinstone,  generally  descending  in  the  direction  of  the  beds,  and  wi- 
dening and  contracting  in  its  course.  In  reality,  the  pipe  vein  is  a 
variety  of  the  flat  vein,  having  the  sides  closed  or  twitched  in,  so  as 
to  form  a  tube  or  cavity  of  irregular -shape,  and  of  very  limited  ex- 
tent along  the  line  of  bearing;  but  descending  to  a  great  depth. 

One  metallic  vein  often  crosses  or  cuts  through  another,  and  dis- 
places it :  in  such  instances,  it  is  evident  that  the  vein  which  is  cut 
through,  must  be  more  ancient  than  that  which  intersects  it.  This 
observation  respecting  the  relative  ages  of  veins  was  first  made  by 
Mr.  Pryce  in  bis  Mineralogia  Comubiensis.  The  different  position 
of  veins  is  represented  in  Plate  ly.  fig.  4.,  where  a  a  is  a  vein  which 
divides  in  part  of  its  course  and  unites  again,  and  finally  branches  off 
ioto  small  strings.  In  many  instances  these  strings  lead  to  a  further 
continuation  of  the  vein ;  perhaps  this  would  be  found  to  be  the  case 
in  all,  were  the  workings  carried  on  in  the  same  direction,  bbin 
another  vein  which  cuts  through  the  former,  and  has  thrown  the  low- 
er part  of  the  vein  a  out  of  its  course.  It  is  obvious  that  the  vein 
a  a  was  formed  before  the  vein  b  6,  which  has  upheaved  the  rock  on 
one  side,  with  the  lower  part  of  the  vein  a.  In  Plate  VII.  fig.  4.,  m 
small  vein  is  represented,  cut  into  three  parts  by  the  larger  veins,  a 
and  b.  Sometimes  one  vein  crosses  another  without  changing  the 
direction  ;  and  if  they  both  have  nearly  the  same  inclination,  viz., 
dip  nearly  to  the  same  point  of  the  compass,  they  are  generally  rich- 
er near  their  junction,  as  at  6,  Plate  VIl.  fig. '4.  When  a  number  of 
veins  cross  each  other  at  one  place,  they  sometimes  form  a  cone  or 
mass  of  ore  of  vast  size,  widening  as  it  descends.  Such  are  called 
accumulated  veins.  They  occur  in  the  metalliferous  limestone  of 
Durham  and  Northumberland.  When  one  vein  crosses  another  in 
an  opposite  direction,  they  often  are  found  poorer  in  ore  near  the 
junction.  Fig.  3.  shows  a  ground  plan  ot  the  veins  b  b  c  Cy  cut 
through  nearly  at  right  angles  by  another  vein  or  cross  course  :  in 
such  instances  the  veins  bbc  c  become  poorer ;  but  this  is  not  uni- 
versally the  case. 

The  direction  of  rake  veins  is  not  very  regular.  In  England,  the 
principal  veins  generally  run  nearly  east  and  west,  and  north-east 
and  south-west ;  but  have,  frequently,  undulations  and  deviations 
from  a  straight  line  :  the  most  powerful  veins  are  more  regular  in 
their  course  than  smaller  ones.  Where  two  veins  in  the  same  dis- 
trict have  the  same  direction,  or  run.  parallel,  it  is  observed  that  their 
contents  are  similar ;  but  where  they  run  in  different  directions,  the 
contents  vary.     Molina,  in  his  interesting  History  of  Chili,  mentions 
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a  vein  of  silrer  at  Uspalata,  in  the  Andes,  which  is  nine  feet  in  thick* 
ness  throughout  its  whole  extent,  and  has  been  traced  ninety  miles. 
Smaller  veins  branch  off  from  each  side  of  it,  and  penetrate  the 
neighbouring  mountains  to  the  distance  of  thirty  miles.  It  is  believed 
that  this  vein  stretches  to  the  distance  of  three  hundred  miles.  A 
vein  called  the  Tidswell  Rake,  in  Derbyshire,  extends  some  miles 
east  and  west ;  it  is  worked  from  the  surface,  and  may  be  seen  near 
the  roadside,  between  Great  Hucklow  and  Tidswell.  I  wasiofornh 
ed  in  Cornwall,  that  no  vein  in  that  county  had  been  traced  inleogdi 
more  than  two  miles ;  nor  had  any  vein  been  worked  out  in  depth. 
The  common  width  of  the  veins  is  from  one  foot  to  two  feet,  biH 
sometimes  it  exceeds  tbirty  feet. 

In  Cornwall  and  Devonshire,  and  in  the  mines  of  Northumberlaod 
and  Durham,  the  principal  metallic  veins  range  nearly  east  and  west 
In  the  former  counties  they  are  called  lodes,  in  the  latter  rtght-run- 
ning  veins.  The  north  and  south  veins  which  intersect  them  are 
called  cross  courses  :  these  are  seldom  productive  of  ore.  lo  plate 
VII.  fig.  3.,  the  veins  bb  c  c  2Lre  represented  as  cut  through  by  a 
cross  course.  It  must  be  borne  in  mind  that  this  is  a  ground  plan. 
The  thin  cross  courses  filled  with  clay  are  called  fluan.  1  was  in- 
formed by  an  intelligent  proprietor  of  mines  in  Cornwall,  that  these 
thin  cross  courses  invariably  displace  the  veins,  and  hold  up  the  wa- 
ter on  one  side  of  the  vein  ;  but  it  is  most  wbrthy  of  notice,  d)at  a 
rein  which  is  rich  in  ore  on  one  side  of  the  fluan,  will  be  poor  on  the 
other.  Query,  Is  this  connected  mth  the  fluan  holding  up  the  tm^ 
/er?  In  Cornwall,  the  cross  courses  displace  the  east  and  i^est 
veins ;  the  displacement  is  only  a  few  inches  in  some  veins,  in  others 
it  is  several  fathoms.  On  Alston  Moor,  in  Cumberland,  a  large  cross 
course,  called  Old  Carr's  Cross  Vein,  cuts  through  two  veins,  called 
Goodham  Gill  Vein,  and  Grass  Field  Hill  Vein,  and  has  thrown 
them  aside  about  fifteen  or  twenty  fathoms.  When  the  cross  course 
intersects  the  es^st  and  west  veins  at  right  angles,  the  displacement  is 
generally  less,"  than  when  it  strikes  it  in  an  oblique  direction.  This 
effect  will  be  more  clearly  understood  by  referring  to  Plate  VII.  fig.S. 

In  Northumberland  and  Durham,  cross  courses  contain  ore,  near 
their  jtraction  with  powerful  veins.  In  Cornwall,  ores  of  silver  and 
cobalt  have  been  found  in  some  of  the  cross  courses ;  and  at  the  Bo- 
tallack  mine,  north  of  the  Land's  End,  a  powerful  cross  course,  run- 
ning north  and  south,  is  made  rich  by  the  junction  of  east  veins, 
which  resemble  small  rivulets,  opening  into  a  river.  Their  position 
will  be  better  understood  by  referring  to  Plate  VII.  fig.  6.  The  di- 
rection of  the  cross  course  or  great  vein  running  north  and  south,  is 
represented  by  the  letters  n,  s,  the  direction  of  the  small  veins,  rich 
in  ore,  which  open  into  it,  are  represented  by  e  e  e.  The  cross 
course  is  rich  in  ore,  to  the  distance  of  twenty  or  thirty  fathoms,  on 
each  side  of  its  junction  with  a  vein  ;  but  no  veins  are  found  branch' 
ing  from  the  west  side  of  the  cross  course.    The  cross  course  » 


worked  in  those  parts,  \fbere  it  is  reodered  rich  by  the  junction  with 
veins ;  the  small  veins  are  also  worked  for  ore,  and  are  very  pro* 
ductive.  The  rock  is  what  is  called  a  free  or  soft  kilhisy  near  the 
great  cross  course  or  vein ;  but  further  from  it,  it  becomes  a  hard 
blue  elvao  {flinty  slaie.)  The  width  of  the  vein  varies  from  nine 
to  twelve  feet.  It  conuins  grey  copper  ore  of  a  rich  quality.  Some* 
times  the  sides  of  the  vein  are  copper  ore,  and  the  middle  is  tin  ore, 
as  represented  Plate  VII.  &g.  7.  c  c,  which  is  a  vertical  section  of 
part  of  the  vein ;  fig.  6.  is  a  horizontal  section  of  the  cross  course 
and  veins.  The  master  of  the  mine  furnished  me  with  the  above 
particulars;  and  under  bis  direction,  I  made,  on  the  spot,  the  two 
rough  sections,  which  will  serve  to  convey  a  better  notion  of  this 
singular  metallic  repository,  than  can  be  obtained  by  verbal  descrip- 
tion. 

Nor  should  it  be  omitted,  that  the  entrance  of  this  mine  is  at  the 
foot  of  a  precipice  more  than  200  feet  in  hieight,  on  the  border  of  the 
Atlantic  Oceans  and  the  workings  of  the  mine  extend  two  hundred 
and  thirty  yards  under  the  sea.  From  this  submarine  recess  I  saw 
rise  up,  one  of  the  best*forroed  and  noblest-looking  men  I  ever  be* 
held, — a  perfect  model  for  the  Apollo  of  a  sculptor. 

Particular  metallic  ores  are  pecuKar  to  certab  rocks.  Thus,  tin 
ore  occurs  in  granite  and  some  kinds  of  slate,  but  has  never  been 
found  in  limestone.  Certain  ores  are  not  unfrequently  associated 
together :  thus,  lead  and  zinc  often  occur  in  the  same  vein,  but  in 
difierent  proportions.  The  same  metal  in  various  combinations  is 
often  found  in  one  vein  :  thus,  native  copper,  sulphuret  of  copper, 
carbonate  of  copper  or  malachite,  sulphate  of  copper  or  blue  vitriol, 
and  copper,  combined  with  lead  and  iron,  frequently  occur  together 
in  the  same  mine.  < 

Galena,  a  sulphuret  of  lead,  is  often  associated  .with  white  lead 
ore,  or  carbonate  of  lead.  The  latter^  though  a  rich  ore  containing 
seventy  per  cent,  of  lead,  has  no  metallic  appearance;  and  was  mis- 
taken for  cawk,  and  thrown  away,  by  the  miners  in  Derbyshire,  un- 
til the  year  1803  or  1804.  The  mines  of  that  county  have  been 
worked  ever  since  the  time  of  the  Emperor  Adrian,  and  the  quantity 
of  ore  which  has  been  wasted  during  that  period  must  have  been  im- 
mense.^ 


*  In  1810,  few  of  the  working  miners  could  distinguish  compact  white  lead  ore, 
from  cawk  or  sulphate  of  barytes ;  their  specific  gravity  and  appearance  are  not 
very  different.  Tne  following  lest  is  of  easy  application,  and  will  serve  to  dis- 
cover the  preseaee  of  lead  >-If  a  small  quantity  of  flowers  of  sulphur,  mixed  with 
a  little  potash  or  soda,  be  melted  on  the  point  of  a  knife,  in  a  candle,  and  applied 
to  the  moistened  surface  of  the  stone,  it  will  make  a  black  spot  if  the  mineral  con- 
tains white  lead  ore. 

The  native  carbonate  of  lead  readily  dissolves  in  dilute  nitric  acid,  with  effer- 
vescence, and  it  promptly  yields  metallic  lead  under  the  blowpipe  on  charcoal.^ 
B.S. 
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Id  what  manoer  metallic  veins  were  filled  with  ore  has  greatly  di* 
vided  the  opinioDs  of  geologists.  Dr.  Hutton  supposes  that  both 
dylces  and  veins  were  filled  with  their  contents  in  a  stateof  fuskmby 
injection  from  below ;  the  expanave  force  of  the  mehed  matter  hav- 
ing cracked  the  surface,  and  opened  a  passage  for  its  reception. 
(See  Chap.  IX.)    From  circumstances  previously  stated,  it  appears 

Erobable  that  many  dykes  were  so  formed.  Other  dykes  appear  to 
ave  been  open  fissures  filled  by  materials  washed  from, the  surface, 
and  contain  rounded  stones,  and  sometimes  undecayed  vegetable 
matter.  From  a  dyke  of  clay  in  a  coal  mine  in  Yorkshire,  two  hun- 
dred  and  fifteen  feet  deep,  I  have  drawn  out  long  vegetable  fibres, 
apparently  roots,  the  woody  part  of  which  was  unchanged,  aad  burn- 
ed like  the  roots  of  common  weeds.  Werner  supposes  that  all  veins 
and  dykes  were  first  produced  by  the  shrinking  of  the  materials,  d 
which  mountains  are  composed ;  and  that  metallic  veins  have  beeo 
filled  from  above  by  the  ores  in  a  state  of  solution.*  This  theory 
has  been  advanced  with  much  confidence,  and  warmly  supported  by 
rAany  geologists  :  but  I  have  no  hesitation  in  asserting,  that  it  is  de- 
monstratively repugnant  to  fact :  indeed,  the  implicit  credit  which 
has  been  given  to  Werner's  dogmas  on  this  subject,  is  one  instance 
among  many,  in  which  men  of  distinguished  talents  have  resigned 
their  judgment  to  authority,  and  supported  the  most  absurd  proposi- 
tions, when  conformable  to  a  favourite  hypothesis.  If  veins  were 
filled  by  metallic  solutions  from  above,  these  solutions  must  have  cov- 
ered the  highest  mountains  over  the  whole  earth ;  and,  instead  of 
finding  metallic  ores  in  the  present  confined  repositories,  they  mHi'd 
fill  all  the  cavities  and  valleys  in  every  part  of  the  world.  As  this 
theory  supposes,  likewise,  that  veins  were  formed  at  different  times, 
a  number  of  these  metallic  solutions  would  succeed  each  other,  we 
should  find  regular  strata  of  ore  in  all  primary  and  transitioQ  rocb; 
and  the  quantity  formed  by  these  deep  seas  of  metallic  maner,  would 
be  inconceivably  great. 

This  theory  is,  decidedly,  invalidated  by  the  following  facts. 
When  a  metallic  vein  passes  through  different  kinds  of  rock,  it  is 
generally  observed,  that  the  quality  of  the  ore  varies  with  that  of 
the  rock  through  which  it  passes ;  and  even  some  beds  of  the  same 
rock  are  more  productive  than  others,  and  are  called  by  nuDers 
bearing  measures.  This  is  the  case  in  Durham,  Derbyshire,  Corn- 
wall, and  probably  in  every  mining  district,  in  England  and  Wales. 

Not  only  does  the  variation  in  the  nature  of  the  rock,  occasion  a 
change  in  the  quantity  or  quality  of  the  ore,  but  the  mineral  sub- 
stance or  matrix  which  accompanies  ores,  generally  varies  in  difi^' 
ent  kinds  of  rock.    In  granite  and  slate  rocks,  the  matrix  is  more 

t  The  round  pebbles  which  are  sometimes  found  in  veins  have  been  cited  to 
prove  that  veins  were  filled  from  above ;  they  were  probably  introduced  by  sabtcr- 
jranean  currents. 
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frequently  quartz  and  barytes  than  calcareous  spar ;  in  calcareous 
mountains,  quartz  is  rarely  the  prevailing  matrix.  In  the  counties  of 
Durham  and  Northumberland,  veins  pass  through  siHceous  sandstone, 
argillaceous  shale,  and  limestone.  (See  Plate  VII.  fig.  2.)  The  ore 
is  more  abundant  in  the  limestone  than  in  the  sandstone,  and  in  the 
shale,  provincially  called  plate,  ore,  very  rarely  if  ever,  occurs.  In 
one  mine  at  Welhope,  the  matrix  of  the  vein,  as  it  passes  through 
the  sandstone,  is  cawk  or  the  sulphate  of  barytes ;  but  when  it  en- 
ters the  limestone,  it  changes  to  carbonate  of  barytes  in  balls,  having 
a  radiated  diverging  structure.  It  is  still  more  deserving  of  notice, 
that  \vhen  the  rock  on  one  side  of  a  vein  is  thrown  up  or  down  con- 
siderably, so  as  to  bring  a  stratum  of  limestone  opposite  a  stratum  of 
sandstcHie,  or  when  what  are  called  the  walls  or  cheeks  of  the  vein 
are  of  two  different  kinds  of  stone,  (see  Plate  VII.  fig.  5.)  the  vein 
is  never  so  productive  in  ore,  as  when  both  sides  of  the  vein  are  of 
cbe  same  kind.  In  the  above  figure,  different  strata  are  opposite  to 
each  other,  except  where  the  strata  are  of  great  thickness :  thus, 
parts  of  the  lower  bed  of  limestone,  a  a,  form  the  wall  on  each  side 
of  the  vein,  and  in  such  situations  it  is  rich  in  ore ;  but  the  upper 
part  of  the  bed,  cr,  is  brought  opposite  to  a  bed  of  sandstone^  6,  on 
the  left;  and  in  this  part  of  the  vein  it  will  become  poorer,  and  the 
same  will  be  the  case  when  the  vein  passes  through  the  upper  stra- 
ta ;  in  some  it  will  contain  no  metallic  ore.  This  fact  alone  seems 
sufiicient  to  invalidate  the  theory  of  Werner,  that  veins  were  filled 
with  metallic  solutions,  poured  in  from  the  upper  part.  Had  thi^ 
been  the  case,  the  nature  of  the  rock  could  have  made  no  difference 
in  the.  quality  or  quantity  of  the  ore. 

Werner,  in  his  "Treatise  of  Veins,"  states  one  instance,  as  if  it 
were  extraordinary,  of  the  ore  changing  its  quality,  as  the  vein  passed 
through  different  rocks ;  and  is  inclined  to  admit  that  elective  affinity 
for  the  rock  may  have  contributed  to  the  effect.  The  circumstance, 
so  far  firom  being  extraordinary,  is  of  common  occurrence,  and  known 
to  all  working  miners.  The  entire  cessation  of  the  ore  in  one  part  of 
a  rock,  and  its  re-appearance  below,  are  still  more  striking. 

In  Derbyshire  the  beds  of  metalliferous  limestone  are  separated  by 
beds  of  basaltic  rock,  called  loadstone.*  When  a  vein  of  lead  is 
worked  through  the  first  limestone  down  to  the  toadstone,  it  ceases 


*  The  fact  of  metallie  veins  being  entirely  out  off  by  the  beds  of  toadstone,  has 
recently  been  doubted^  it  is  supposed  that  the  vein  is  continued  through  the  toad- 
stone,  though  it  contains  no  ore :  but  the  fact  of  veins  being  cut  off  by  the  seams 
of  clay,  (called  way  boordSy)  if  it  could  be  established,  would  lead  to  the  same  cour 
elusion  as  the  separation  of  the  vein  by  toadstone.  Mv  late  visits  to  Derbyshire 
have  convinced  me  more  fully,  that  Mr.  Fare^  was  too  nasty'  in  forming  his  opin- 
ions, and  that  he  did  not  always  select  his  information  from  the  best  sources. 
Neither  the  beds  of  clay  nor  toadstone  may  contain  ore,  and  yet  the  vein  may  pass 
through  them,  but,  being  unproductive,  it  is  not  noticed.  In  some  instances,  prob- 
ably, Uie  beds  of  toadstone  were  protruded  between  the  beds  of  limestone,  after  the 
formation  of  metallic  veins,  as  Mr.  Whitehurst  originally  maintained. 
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lo  contain  any  ore,  and  often  eotirelj  diaappears :  on  sinldn^  tfarougfi 
the  toadatone  to  the  second  limeatone,  the  ore  is  found  again,  but  is 
cut  o£f  by  a  lower  bed  of  toadstone,  under  which  it  appears  again  in 
the  third  limestone.  In  strong  veins,  particles  of  lead  occur  in  the 
toadstone,  but  in  very,  small  quantities. 

If  mineral  veins  were  filled  from  above  by  metallic  solutions,  it  is 
impossible  to  conceive  that  the  nature  of  the  rock  should  change  the 
quality  of  the  ore ;  much  less  could  the  ore  disappear  in  one  stratum, 
and  appear  again  in  a  stratum  below  it.  Nor  could  the  vein  be  filled 
with  melted  matter  ejected  from  below;  for  in  either  case  it  would 
be  equally  impossible,  to  explain  why  the  ore  disappeara  in  the  toad* 
stone,  though  the  vein  is  continued  through  it.  See  Plate  IV.  fig.  5, 
where  b,  i,  b  are  three  beds  of  limestone  divided  by  beds  of  loadstone 
«  e,  and  covered  by  sandstone.  When  the  vein  descends  to  the  first 
bed  of  toadstone  e,  the  ore  disappears ;  but  on  sinking  through  to  the 
second  bed  of  limestone,  it  is  found  again ;  it  disappears  a  second 
time  at  the  next  bed  of  toadstone,  and  reappears  in  the  lower  lime- 
stone, 3^  Another  vein,  a  a,  is  supposed  to  penetrate  the  beds  of 
toadstone  e  e,  but  contains  little  ore  where  it  passes  through  them. 
The  upper  part  of  the  vein  a,  is  represented  as  penetrating  the 
superincumbent  sandstone,  which  is  sometimes  the  case :  in  this  up- 
per part  of  the  vein,  the  most  curious  productions  of  the  Odin  aiine, 
near  Casdeton,  are  discovered.  Such  facts  prove  that  these  veins 
were  not  filled  from  above.  Professor  Jameson  has  conjectured  that 
the  beds  of  toadstone  and  limestone  in  Derbyshire,  with  the  metallic 
veins,  were  all  cotemporaneous,  and  that  the'  toadstone  crossed 
through  the  veins,  at  the  time  of  their  formation ;  but  the  difierent 
organic  remains  in  the  upper  and  lower  beds  of  limestone  preclude 
the  possibility  of  their  having  been  formed  at  the  same  time.  The 
zoophytes  in  the  lower  bed  of  rockcould  not  be  living  and  co-exbtent 
with  those  in  the  upper,  nor  with  the  vegetable  remains  occasionally 
found  in  the  sandstone,  which  frequently  covers  the  whole,  and  into 
which  the  veins  sometimes  shoot.  Cuvier  has  well  observed,  that 
the  existence  of  difierent  organic  remains  ofifers  incontestable  proofs, 
that  the  upper  and  lower  strata  in  which  they  were  found,  were  form- 
ed in  succession.  As  a  farther  proof  of  the  influence  which  the  po- 
sition of  the  rock  has  upon  the  vein  which  intersects  it,  the  miners 
both  in  Wales  and  Derbyshire  maintain,  that  wherever  there  is  a  de- 
pression in  the  strata,  and  they  dip  on  both  sides  towards  the  vein, 
^see  Plate  VII.  fig.  9;)  in  such  situations,  the  richest  veins  occur. 

If  metallic  matter  were  not  poured  in  from  above,  nor  ejected 
from  below,  in  what  manner  did  it  come  into  the  vein  ?  The  state 
of  chemical  science,  and  the  facts  at  present  known,  are  too  limited 
to  furnish  a  solution  to  this  interesting  question.  There  are,  how- 
ever, certain  indications  which  may  serve  as  a  clue  to  future  discoF- 
ery.  The  variation  of  the  minersJ  products  in  veins,  as  they  pass 
through  di&rent  strata,  seems  to  prove,  diat  the  strata  were  efficient 
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causes  in  prodocing  this  variation.  Perhaps  metaUic  matter  was  dif- 
fused through  difierent  rocks  according  to  their  elective  af&nity,  and 
separated  from  them  by  voltaic  electricity,  the  different  sides  of  the 
vein  possessing  different  states  of  electricity ;  or,  the  strata  may  act 
like  a  series  of  plates  in  the  voltaic  pile,  separatbg  and  secreting  me- 
tallic matter  from  its  different  combinations.  Some  of  the  metals 
and  other  substances  found  in  veins,  are  capable  of  solution  in  hydro* 
gen  gas,  and  perhaps  all  of  them  may  be  soby  natural  processes; 
in  this  state  they  may  have  penetrated  the  vein,  and  deposited  their 
contents. 

The  discovery  of  the  metallic  nature  of  the  very  earths  of  which 
rocks  are  composed,  and  the  probability  that  the  metals-  themselves 
are  compound  substances  of  which  hydrogen  forms  a  part,  open  new 
views  respecting  the  formation  of  raetalKc  matter  by  natural  process* 
es,  which  may  be  within  the  r^ach  of  human  power  to  develop,  if  no| 
to  imitate. 

If  metallic  matter  be  now  forming  in  mines,  the  process  of  its  for- 
mation is  extremely  slow;  but  there  are  circumstances  which  appear 
to  prove  that  it  may,  in  some  instances,  be  perceived.  M.  Trebra, 
director  of  the  mines  in  Hanover,  informed  a  gentleman  .of  my  ap- 
quaintance,  that  he  had  seen  a  leather  thong  suspended  from  the  roof 
of  a  mine,  coated  with  silver:  he  has  also  observed  native  silver,  and 
vitreous  silver  ore,  coating  the  wooden  supports  left  in  a  mine  called 
Drey  weiber,  in  the  district  of  Marienburgh,  which  had  been  under 
water  two  hundred  years,  and  was  opened  in  1777. 

From  bis  own  observations  on  mines,  M.  Trebra  was  led  to  infer, 
that  metallic  ores  are  formed  by  mineral  exhalations,  or  were  once 
in  a  gaseous  state.  Mr.  Westgarth  Forster,  a  practical  miner  in 
Northumberland,  states,  that  at  Wolfclough  mine,  in  the  county  of 
Durham,  which  was  closed  for  more  than  twenty  years,  and  opened 
again,  needles  of  white  lead  ore,  more  than  two  inches  in  length, 
were  observed  projecting  from  the  walls. 

These  and  other  phenomena  observable  in  mines,  may  convince 
us,  that  there  are  processes  going  on  at  present  in  the  great  labora- 
tory of  the  earth,  and  perhaps  there  are  analogous  processes  taking 
place  in  the  atmosphere,  which  may  throw  some  light  on  these  hid- 
den operations  of  nature.  The  formation  of  saline  matter  on.  the 
surface  of  walls,  is  a  fact  which  merits  more  attentbn  than  it  ha» 
hitherto  received.  Dr.  Kidd,  of  Oxford,  has  published  some  very 
ingenious  observations  and  experiments  on  the  spontaneous  produc- 
tion of  nitre  on  limestone,  which  may  lead  to  more  important  results 
than  the  learned  Professor  appears  to  have  anticipated.  These  ex- 
periments show,  that  taeither  the  alkali  nor  the  acid  exists  previously 
in  the  stone.  Nor  do  they  exist,  ready  formed,  in  the  moisture  of 
the  atmosphere,  dry  frosty  weather  being  particularly  favorable  to 
the  rapid  production  of  nitre,  and  moist  weather  the  contrary.  • 
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When  a  portion  of  the  wall  was  protected  from  access  to  the  at- 
mosphere by  glass,  which  projected  a  little  distance  from  the  surface, 
the  formation  of  nitre  went  on  for  a  certain  time,  and  then  ceased. 
The  saline  crystals  were  better  defined,  and  longer,  than  on  the 
other  parts  of  the  wall.  When  the  wall  was  coated  with  paint,  crys- 
tals of  nitre  were  even  formed  on  the  paint.  The  formation  of  car- 
bonate of  lead  on  the  walls  of  the  mine  at  Wolfclough,  may  be  analo- 
gous to  the  formation  of  nitre ;  and  in  both  instances,  the  surface  of 
the  wall  and  of  the  atmosphere,  may  perhaps  be  considered  as  two 
galvanic  plates  in  action,  decomposing  and  recoropoundiog  the  ele- 
ments of  metallic  or  saline  matter  from  the  atmosphere,  or  the  gase- 
ous fluids  with  which  it  is  intermixed.  The  base  of  nitre  (potas- 
sium) is  known  to  be  a  metal ;  and  could  we  seize  nature  in  the  act 
of  producing  a  fixed  alkali  from  more  simple  elements,  we  might 
compel  her  to  reveal  the  process  by  which  she  prepares  her  metallic 
treasures  ip  the  deep  recesses  of  the  earth.  Nor  can  the  discovery 
be  very  remote ;  for  we  are  already  acquainted  with  the  compositioa 
of  the  volatile  alkali,  and  are  thereby  enabled  successfully  to  imitate 
nature  in  its  formation. 

When  the  matrix,  or  the  substance  which  principally  fills  veins, 
is  a  soft  unctuous  clay,  masses  and  particles  of  ore  are  often  dissem- 
inated through  it,  varying  in  size  from  a  pea  to  that  of  a  large  gourd, 
and  they  are  sometimes  even  of  many  ton's  weight.  Masses  oi  vein- 
stone are  also  imbedded  in  the  same  manner;  and  it  is  observed 
that  the  masses  both  of  ore  and  veinstone  are  of  no  determinate 
shape,  and  have  generally  the  appearance  of  being  corroded.  Are 
we  to  conclude,  inisuch  instances,  that  the  hard,  minerals  and  metallic 
ores,  have  been  formed  in  the  substance  of  the  clay  by  some  peculiar 
elective  affinity,  or  that  they  once  occupied  the  cavity  of  the  vem, 
and  have  been  all  subsequently  decomposed,  except  the  remaining 
detached  masses  ?  I  should  be  more  inclined  to  adopt  the  former 
opinion ;  but  it  must  be  allowed,  that  there  are  inexplicable  instan- 
ces of  the  disappearance  of  minerals  which  formerly  existed  in  veins. 

The  formation  of  one  mineral  upon  the  crystals  of  another,  and 
the  disappearance  of  the  crystal  which  has  served  as  the  mould,  is 
indeed  a  common  phenomenon  in  many  English  mines.  I  have  be- 
fore me  a  mass  of  rock  crystal  from  Durham,' formed  on  cubic  fluor 
spar ;  but  the  crystals  of  the  latter  have  entirely  disappeared,  leav- 
ing nothing  but  the  impression  of  their  form^  In  the  mines  of  Der- 
byshire, incrustations  of  calamine  are  formed  on  calcareous  crjrsuQs, 
taking  the  shape  of  the  dpg-tooth  spar;  but  in  these  false  crystals, 
no  trace  of  the  interior  crystal  is  left.  Certain  local  causes  also  ap- 
pear to  influence  the  crystallization  of  minerals  in  diflferent  dis&icts, 
and  to  dispose  them  to  take  peculiar  secondary  forms,  which  may  be 
considered  as  appropriate  to  the  minerals  of  that  district.  The  py- 
ramidal crystallization  of  carbonate  of  lime,  called  the  dog-tooth 
spar  (chaux  carbanaUe  metatiatique  of  Haiiy,)  is  abundant  in  some 
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of  the  mbesof  Derbjrsbire ;  whilst  the  same  mineral  rarely  assumes 
that  form  in  th6  mines  of  Northumberland  and  Durham,  but  is'€i;js- 
talKzed  in  other  forms,  which  are  equally  rare  in  the  Derbyshire 
mines.  Fluor  spar,  and  sulphate  of  barytes,  have  appropriate  forms 
in  different  districts,  from  which  any  deviations  may  be  considered 
as  varieties.  The  causes  which  occasioned  jthis  diversity  of  second- 
ary form^  in  minerats,  whose  constituent  parts  apfi^ar  by  chemiefd 
anafjrsis  to  be  precisely  the  same  are  unknown  ;  nor  are  we  able  to 
explain  in  what  manner  the  crystals  before  mentioned  have  di^ap* 
peared ;  but  these  facts  prove,  that  the  powers  of  oature  extend  be- 
yond the  present  liniits  of  science ;  an|^  it  is  more  consonant  with 
the  true  spirit,  of .  philpsopfay,  frankly  to. acknowledge  our  ignorance^ 
than  to  form  systems  from  ipaperfect  data,  wbi^b  cdn  sen^e  only  to 
perpetuate  error.  >    *      ••  ^ 

Metallic  ores  in  rounded  ,  fragments,  and  grains  of  native  metals, 
are  frequently  found  in  the  sands  of  rivers ;  they  have '  been  paiu 
ried  there  by  torrents* or  inundations;  the  rocks  in'  which  they 
were  origipally  forjtned,  having' been  disintegrated  or  decomposed. 
The  metals  gold,  and  platina,  being  in(^estruQtibl6  \^y^  the  action  of 
air,  wat^r,  or  the,  mineral  acids,  remain  for  ages  unchanged/  in  the 
form  of  minute  grains.  The  oxide  of  tin  is  a  very  heavy  and  hard 
mineral ;  .and  it  is  owing  ta  its  weight  and  indestructibility,-  that  it  is 
found  in'  Ae  sands. of  i:ivers,  or  on  the  sea  shore,  wherp  it* sometimes 
otccurs  in  considerable  quantities,  and  is  separated  from  the*  sand  or 
alluvial  soil  by  directing  streams  of  water  over  it :  hence  such  works 
are  in  Cornwall  called  Stream  Wprks.  With  the  pebbles  of  tin- 
stone, there  are*fragHients  of  granite  and  other  rocks,  which  serve 
to  mdicate  froip.what  mountains  m  the  vieiniiy  the-streano  dn  has 
been  washed  out.  -Partides'and  small  pieces  of  gold  are  sometimes 
found  with  stream  tin,  in  the  sands  of  Corir^dll.  . 

Gold  being,  Ms  before  stated,  less  subject  to  cheniical  change  than 
the  other  metals,  is  found  in  the  sands' of  rivers  in  various, parts  of 
the  world,  particularly  in  Africa  and  South  America.  A  consider- 
able part  of.  the  gold  obtained  from  Africa  is  procured  by  washing 
the  sand  of  rivers ;  it  is  found  in  small  graiqs  called  gold  dust.  It 
has  been  remarked,  that  in  certain  parts  of  rivers,,  me  sands  were 
rich  in  gold,,  which  seemed  to  be  renewed  after  bj^avy  raiiis,  and  yet 
but  little  gold  Was  found  in  the  sands  higher  up  this  river.  No  satis- 
factory explanation  has  been  offered,  respecting  the  limitatioti  of  the 
auriferous  sands  to  certain  localities.'  -Fact^  have,  recendy,  beqn 
stated  to  the  author,  by  a  gendeman  connected  with  the  gold  mibe 
compaqie^  in  N'Qrth  Carolina,  which  appear  to  elucidate  the  period- 
ical renewal  of  gold  in  the  African  rivers.  About  the  year  18i0|^ 
gold  was  found  in  the  beds  of  several  rivers  in  North  Carolina: 
one  mass  was  obtained  weighing  28lbs.  Afterwards  grains  of  goM 
w^re  discovered  in  the  beds  of  several  of  the  rivers  and  brooks  bodi 
of  North  and  South  Cardina,  and  of  6e6rgia«    For  some  years 
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after  gold  had  been  discovered  in  these  states,  the  inhabitants  were 
content  with  searching  for  gold  in  the  beds  of  the  brooks  and  rivers 
aft^  heavy  rains;  One  of  the  proprietors  of  a  gold  stream,  having 
noticed,  that  it  oever  yielded  .gold  above  a  6efttain  point,  where  a 
small  brook  entered  into  it,  was  induced  to  trape  the  brook  to  its 
source,  and  discovered  in  the  adjacent  rocks^  veins  of  quartz' which 
were  found  to  contain  pieces  of  native  gold,  and  were  stlbsequently 
worked  as  mines.  It  is  highly  probable  that  in  Africa/ the.  sands  in 
certain  parts  of  rivers  become  auriferous,  by  ih6  depositions  from 
rivulets  that'flow  into  the  main  stream. 

Mrr  Hennah,  of  Plymouth,  has  in  his  collection  several  pieces  of 
naitive.  gold,  varying,  from  the  si^e  of  a  bean  46  that  of  a  hazel-nut ; 
they  werh'  found  in  stream  works  near  St.  Austel :  be  has  also  a  spe- 
cimen of  stream  tin,  eight  or  nin^  inches  in  length,  and  five  or  ax  hi 
breadth,  which  was  evidently,  once,,  'part  (5f  a  vein.'  Ip  the  same 
streand  work  they  ^ould  distmgdsh  at  difierent  depths,  the  diflferent 
veins  from  which  the  ore  had  been  wfished  out.  The^bbles-of  tin 
ore,  have,  ill  some  situations,  been  washed  into  the  sea,,  and  after- 
wards cover^fl  by  beds  .of  clay  or  gravel.  In  Mount's  Bay,  south 
of  the  town  of  renzance,  there  was  formerly  a  bed  of.  stream*  tin 
worked  under  the  sea.  The  stream. tin  covers  the  killas  or  slate 
rock  of  the  country,  and  is  cotered  by  a  bed  of  clay :  a  perpjendic- 
uiar  shaft  or  tuonel  wds  sunk  through  the  clay,  and  the  bed  of  stream 
tin  wtfs  worked  like  a  bed  of  cqi^,  the  clay  forming  the  roof.  See 
Plate  VII.  fig.!  8.  Thewo'rkings  were  continued  under  the  sea,  but 
were  at  length  inundated  and  discontinued^ 

The  bed  with  pebbles  of  tinstone,  i^  seen  covering  the  beds  of 
slate  ^  upibn  this  is-a  thick  bed  of  water  tight  clay,  over  which  the 
tides  roll.  An  iroQ  cylinder  was  sunk  through  the  clay  a&  a  shaft  to 
the  tip  stone,  which  was  worked  like  a  bed  of  coal  and  drawn  up 
the  cylinder.  '  -     '        ^ 

The  following  is  a  summary  Account  of  the  rocks  id  which  the 
different  metallic  ores  are  generally  found  :         " 

Platina  and  ^he  recently  discovered  metals  called  palladium,  rho- 
dium, osmium  and  iridium,  have  been  foun^  only  in  the  sands  of 
rivers.* 

Gold  and  silver  are  found  in  primary  and  transition  rocks,  in  por- 
phyry and  sienite,  and  in  the  lowest  sandstone.  Crold  has  been  oc^ 
cafionally  discovered  in  coal,  and  very  abundantly  in  the  sands  of 
rivers,  and  stmietimes  in  volcanic  rocks. 

Mercury  is  found  in  slate,  ib  limestone,  and  in  coal  strata. 

.Copper,  in  primary' and  transition  rocks,  in  porphyry,  sienite,  and 
occasionally  in  sandstone,  in  coal  strata,  and  alluvial  ground.    Mass- 

* 

I.  Ill-.J  1.  I  l»lllll..l«  I.I  II  .1  I  ~ 

*  Boossingaalt  discovered  platina  iiloBg  wit&  ozid^  of  iron  and.gold  in  Sienite, 
near  Santa  Rosa,  in  the  province  of  Antioquia. — Ann.  de  CAini.  el  de  Phffi.  1 32. 
f.  90e.-^B,  s.  . 
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es  of  native  copper  of  many  thousand  pounds  weighty  are  ^id  to  be 
found  oo  the  surface,  lb  the  interior  of  North  America. 

Iron  in  every  kind  of  rock* 

Tin,  in  granite,  gneiss,  mica-slate,  and  slate. 

Lead  and  zinc,  in  primary  and  transition  rocks, ,  except  trap  .and 
serpentine^;  iii  porphyry  and  sienite;.  in  the  lowest  sandstone,,  and 
occasionally  in  cbbl  strata.  •       . 

Antinaooy  in  pripary  and  transition  mouritaius,  except  trap  and 
iserpentiue ;  it  is  also  found  in  porphyry  and  sienite. 

Nickel,  bismuti),  cobalt,  in  primary  n^ountains,  except  limestone, 
trap,  and  serpentine.  Cobalt  and  nickel  also  occur  in  transition 
mountains,  and  in  sandlstone.  ^  v      «        .       ' 

Arsenic,  in  prioi^ry  and  transition  mguutains,  abd  in  porphyry. 

Manganese,  in  primary  and  transition  mountains,  and  occasionally 
ID  the  lower  stratified  rocks.  ^    • 

« 

Molybdena  and  tungsten.  Uranium,  and  titanium,  in  granite,  gneiss* 
mica-slate,  and  slate.  The  .latter  metals,  with  cbcomium,  columbi- 
urn,  jcerium,  and  tellurium,^  are  very  rare  in  nature,  and  pan  only  be 
reduced  to  the  metallic 'state  with  great  difficulty,    '     .        . 
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CHAPTER  XX-    . 

ON    SUBTSRRANElN   RlVERS   AMD   CUBBEN^S,    AND   ON    CAVEBNS. 

■  •  ■ 

I 

Occurrence  of  Subterraaean  Ctirrcnts  and  |livers  in  various  Parts  of  the  World.— 
The  Principal  Agents  Inr  the  Formation  of  Caverns. — Remarkable  Cavjem  and 
Cascade  in  the  Speedwell  Mine,  Derby^ire.-r-Slnbterranean  Currents  .and  Cav- 
erns generally  in  Calcareous  Moaniams. — The  reason  explained.— Subterrane- 
an Currents  connected  with  the  Surface  Water,  dieposit  Animd  and  Vegetable 
,  Remains  between  ancient  Strata,  proyed  by  f>ict$.— <!)ayems-with  bones  ef  ex- 
tinct Species  of  Animals  in  Germanvabd  France,  intermixed  with  Human 
Bones,  and  Implements  of  Industry. — Bones  introduced  into  Caverns  by  Subter- 
ranean Currents  and  other  oaus^,  and  at  different  Epochs. — Cavern  at  Kirk- 
dale,  in  Yorkshire. — ^Bones  found  in  the  Clefts  and  Fissures  ofj  Rocks  forming 
Osseous  Breccia  in  varioits  Par(s  of  Europe,  and  in  New  Holland. — Epochs  of 
their  Depdsition  supposed  to  be  difierent  in  distant' Farts  of  the  Globe. 

BfcsiDd  (he  Gssures  and  spaces  filled  "with  metallic  matter,  that  oc- 
cur ID  the  older  roclcs,  as  described  in  .the  preceding  bhapter,  there 
are  empty  spaces  or  caVems,  that  somethnes  extend  far  into  the  in- 
terior of  mountains,  ai^d  sometimes  descend  to  considerable  depths. 
Almost  all  large  cayerns  occur  in  limestone  rocks,  chiefljr  oi  the 
transitioti  and  the  secondary  class.  ^Caverns;  in  some  instances,  may 
have  been  formed  by  the  upheaving  or  i^ubsiding  of  rocks ;  but  they 
have,,  most  frequently,  been  excavated  by  subterranean  currents  of 
water,  Which  have  enlarged  original  fis^res,  or  carried  away  the  beds 
of  soft  clay  or  loose  sand  that  were  interposed  between  hard  strata. 
Many  large  caverns  have  sti'eams  of  water  constantly.running  through 
them ;  and,  after  heavy  rains,  'they  are  often  gorged  with  water, 
which  isstires  with  violence  from  their  mouths.  This  is  the- case  with 
the  great  Peak  Cavern,  near  Castleton,  in  Derbyshire. 

The  actbn  of  subterranean  currents  of  water,  has  scarcely  been 
attended  to  by  geologists ',  but  were  it  belter  understood,  it  might 
probably  afford  a  satisfsictory  explanation  of  several  facts  in  geohgy 
that  have  been  regarded  as  anomalous,  particularly  that  of  the -oc- 
currence of  bones  in  caverns  which  liave  no  opening  to  the  surface. 
In  the  third  edition  of.  this  work,  I  stilted  $ome  instances  of  these 
currents  in  mountain  limestone. 

The  mountain  or  transition  limestone  of*  Craven,  in  Yorkshire, 
forms;  in  many  parts,  a  nearly  flat  elevated  surface  of  table  land, 
covered  with  vegetation,  biit .  intersected  by  numerous  fissures  or 
chasms  of  vast  length  and  depth,  varying  {torn  a  few  inches  to  a  foot 
or  more  in  width.  M^ny  pf  these  fissures  widen  as  they  descend  ; 
and  at  the  bottom,  stream's  of  water  may  be,  frequently,  heard  ran- 
ning.  During  snow,  it  is  not  uncommon  for  sheep  to  be  lost  in  these 
chasms,  and  the  whole  surface  is  extremely,  dangerous,  to  traverse 
in  th6  dark.  Limestone  plains,  intersected  by  such  fissures,  may  be 
regarded  aa  natural  ti^ps  for  herbivorous  animals,  into  which,  i^en 
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chased  bj  .beasts  of  prey,  diey  may  fell  in  whole  droves.  Their 
bones  m^j  either  stick  fa^tin  the  fissures,  and  be  aftei^ards  inclosed 
in  calcareous  Jstalactites,  or  they  may  be  carried  by  subterranean 
currents  into  cavens  which  have  no  communicatibu  With  the  surface. 
Such  ivas  the  caverxi  at  the  Bull's  Eye  mine,  near^'fyTorkswortb,  in 
Derbyshire,  which  was  opened  by  i()ibing  operations  in  the  year 
1663,  and  contained  the  entire  skeleton  of  an  elephant.  . 

There  is  a  considerable  river,  called  the  Pinka,  in  the  cavern  at 
Adlesberg,  in  Carniola,  which  forms  a  subterranean  lake,  ^iMiere  it 
Appears  to  he  lost  ;•  bat  it  emerges  agaili  on  the  north  side,  and  takes 
the  name  6f  the  Renz.  '  This  cavern  -  i^  one  of  the  (argnsi  in  Eu- 
rope ;  it  extends  for  several  leagy^s  into  a  calcareous  mountain,  sit- 
uated between  Lay'bach  and  Trieste,  and  contains  the  bon^sof  i)ears 
and  other  animals,  in  the  mud  &at  forms  the  flooV  of  the  cavierit,  or 
rather  series  of  caverns,  that  are,  connected  by  passages  with  each 
other.  - 

There  are  numerous  caverns  and  grottoes  19  the  vicbity  of  Adles- 
berg, and  the  surface  of.  the  country  is,  in  various  parts,  broken  by 
depressions  from  the  subsidence  of  the  roofs,  of  these  cW^rns. 
There  are  doubtless,  in  all  these  caverns,  subterranean  rivulets,  wliich 
are  continually  hi  action,  and  are  undermining  and  wearing  down  the 
rocks  that  support  the  strata,  above  them,  hh  Derbyshire,  and  the 
district  caljed  Craven,  iiT  Yorkshire,  beside  the  subterranean  rivulets 
before  mentioned^  there  are  currents  of  water  Incessantly  in  action, 
which  are  discovered  only  l^y  mining  operations. . 

The  Speedwell  mine,  near  Castleton^  in  Dm'bysbire,  rs  a  subter- 
ranean tunhel  and  canal,  nearly  half  a  mile  io.lengtb,  penetrating  jdjIo 
the  centre  of  a  mountain,  composed  of  metalliferous  fimestooe :  the 
descent  to  the^anal  is  by  a  flight  of  step^,  about  forty  yards  in  depth.' 
The  mcMintaifv  is  intersected  by  numerous  boetallip  'Veins,  and  tlie 
proprietors  of  the  mine  intended  to  carry  the  tunnel  and  canal  throOgh 
the  whole  extent,  in  order  to  discover  the  vein's,  and  have.ready  .ac- 
cess, to  work  them,  to  bring  out  tb.e  ore.  It  was  necessary*  to  exca«^ 
vate  the  stone  by  blasting,  and  before  every  explosion  the  miners  re- 
tired for  safety  to  a  considerable  distance  in  the  tuniiel.  ^When 
they,  bad  proceeded  .in  .this  manner  about  eight  hundred  yards, 
they  were  greaily  alarmed  after  a  blast,  to  hear  the  tremendous  roar- 
ing of  a  torrent,  and  fled  to^vards  the  entrance  of  .the  tunnel.  A 
miner,  who  was  working  there  at  the  time,  informed  ibe  author,  that 
be  thought  there  wa^  no  chance  of  their  escaping  immediate  destruc- 
tion ;  how^verj  when  they  bad  retreated  a  consii^erable  distance, 
they  perceived  the  rushing  sound  to  grjow  less  ^^larming ;  tb^  then, 
halted  awhile,  and  took  courage  to  retqrn,  when  they  discovered ^hat 
the  last  blast  had  made  an  opening  into  a  spacious  cavern,  and  that  a 
torretit  of  water  was  falling  from  a  considerable. height  mto  a  ylEist 
chasm  on  one  side  of  it.  *  Tfaevloud  roaring  of  the  water  was  greatly 
Ui4;reased  by  the  echoes  of  t^e  cavern ;  C^  in  the  roof  of  this  cay- 
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era  tlierQ  is  a  wide  opening  into  an  upper  cavern^  the  top  of  which 
is  not  visible .  from  b^low,  even  with .  tbe  >  illumination  of  fireworks, 
wbich  those  who  show  the  mine  generally  take  wjth  them* 

3y  the  ceasele3s.  action  of  such  internal  currents  of  water,  falKog 
into  original  Gssures,  or  descending  (hrough  soft  strata  id  mountains 
of  compact  limestone,  it  is  easy  to  conteive  that  caverns  of  great  ex- 
tent may  be  excavated.  A  very  few  years  sii^ce,  ^  miner,  in  driving 
«9  adit  or  passage  into  tbe 'heart  of  the  well-known  rack  caHed  Mat- 
look  High  Tor,  discovered  a  large  cavern  and  a  lake  in  t)ie  middle 
of  the*  mountain.  Many  of  the  coves  or  caves  in  Crkven,  io  Tork- 
shire,  were  originally  .caverns,  the  roofs  of  which  have  fallen  io; 
they  have  streams  of  water  Pushing*  into  them,  forming  subterranean 
cascades.  The  cjaver n  called  Weather  Coat  Cove,  and  Aie  rocks  at 
€rordale  Scar^  offer  illustrations  of  the  effects  of  subterranean  cur- 
reots.  •  Where/springs  of  water  of  considerable  magnitude  rise  at 
once  to  the  surface,  it  is  obvious  thai  they  are  pot  the  resuk  of  sk)w 
percolation  through  porous  8ti*ata,  but  that  they  are  the  outlets  of  Id- 
ternal  streaois  or  rivers.  The  "river.  Air  .rises  at  the  foot  of  a  per- 
pendicblar  limestone  rock,  called  Malham  Cove,  in  .Craven;  it-is  a 
broad,  powerful,  and  permanent  stream,  before  it  receives  any  tribu- 
tary Tivulets  from  tbe  adjacent  valleys.'  It  is  generally  believed  ifaat 
the  subterranean  stream  wbic^  gives  rise  to  the  river  Air,  is  con- 
nected by  internal  passages  withlVIalham.Tarn,  a  mountaiti  lake, sit- 
uated ^t' a  considerably 'distance.  Perhajps  the  Spring  at  |lolywell, 
ip  Flintshire,  may  be  ci|:ed  as*  offering  a  $ii)iilar  proof  of  underground 
rivulets.  ,  /   '  ♦' 

'  The  reason'  woy  subterran^ii.  streams  of  watery  and  exteosiye 
caverns,  should  occur'-chiefly  in  districts  where  compact  traofiitioQor 
mountain  limestone  is  the  prevailiq^  rock,  will  .admit  of  an  easy  ex- 
planation. '  Slate-rocks  are  aliiaost  ahways  intersected  by  perpendicu- 
lar fissures,  which' carry  off  the/water,  and  prevent  its'  accumulatiog 
in  Urge  streams ;  and  the  secondary  strata  in  England  are  generally 
too  soft,  or  l6o.  much  broken,'  to  form  the  rools  of  extensive  caverns, 
or  the  beds  of  subterranean  rivers.  In  the .  vicinity  of  the  Alps, 
where  the  secondary  limestones  are  ex;tremely  hard  ^nd'  cooipact; 
they  Cont^ain  caverns,  and  afford  a  passage  foiriSMbierranean  currents. 
A  ^nsiderable  cavern  has,  however,  been  redemly  discovered  in 
mica,-slate  and  common  slate,  in  the  Isle  of  Tbermia,  ^one  of  the 
Cyclades,  at  the  height  of  4400  feet  above  ibe  level  of  \hi  sea. 
M\  Virlet,  *^bo  visited  the  cavern,^  attributes  tbe*  excavation  to  sub- 
terranean streams  of  water^  as  there  is -a  considerable  deposition  of 
mud  and  bluish  clay  at  tho  bottom  of  it. — Seance  du  Fevx^  1832,  if 
ia  Sdcieij^  Giolqgique  de  France- 

It  is  admitted  by  M.  Desnoyers,  in  the  report  from  which  this  ac- 
count is  extracted,  tiiat' the. existence  of  such  a  cavern  in  rocks  of 
mica-^late  aud  slate,-  is  a  new  fact  in  geology.  There  are  ^veral 
thermal  springs  in  the  island,  vi^hich  indicate  the  action  of  sublerra- 
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neab  beau  This  agent  may:,  perhaps,  hare  been,  in  some>  manner, 
the  fAuse  of  the  (brmadoD  of  the  cavern ;  it  is,  however,  supposed, 
by  some,  to  have  been  an  excavation  formed  at  a  remote  {ieriad  by 
mining*  operations.  '  '      .       ^ 

Instatfced  of  rivers  of  donsiderable  magnitude;  siokipg  into  the 
earth,  and  emerging  again  at  th<)  distance  of  several  miles,  have  been 
long  known-  in  many  cogntries  t  it  is  not  the  object  of  the  present 
chapter  to  enumfef ate  them^  but  lo  direfct  attention  to  these  subter- 
ranean strekms,  that  have  no  apparent  connection  with  tbe  'svr(ace« 
It  cannot  be  doubted,  however,  thafthe  riverq.  which  run  ohIy'Tor  a 
few  miles  underground,  and  *  emerge  whhout^nytipparent  loss  of 
water,  must  effect  considerable  changes  in  the  strata  during  theiFStib- 
terranean  course.  In  some  6asesiivers  are  absorbed  bto cavernsi'ia 
others  they  merely  sink  into  softer  £(trata,  a$  >  takes  "placd  with  tbe 
river  Rhone,  abouf  twenty  mifesfrom  Geneva,  at  what  is  called  the 
Perte  du  Ittdn^,     See  Travels  in  the  Tarentaise,  vol.  ii.  p.  364. 

Tbe  subject'  6(  ;subterranean  currents  has  scarcely  attracted  (he 
attemion  of  Edglish  geologists,  but  it  is  beginning  to  Excite  enquiry 
ib  France,  where  the  practice  of  boring  for  water  is, becoming  gen^ 
ei^al,  and  has  brought  to  light  ^me  .Ititerestrng  f^cts.  In  the  report 
of  M.  Desnoyers',  before  referred  to,  several  of  these  fac^s  are  de- 
scribed, but  he  previously  stated  the  observations  of  MM.  Bobiet  and 
Virlet)  on  the  closed  valleys  or  gulft  in  centra]  Morea,  called  kKtavo- 
troos,  '^into  which  torreots  of  water  amassed  during  ramy  seasons 
are  precipitated^  Carrying  Wilh  them  the  mud  with,  which  fhey  are 
coloured,  the  skeletons  of  anfmajs,  wit*h  fragfne/its  of  shells  and  pkints' 
mixed. with  gravel,  which  they  introduce  into  subterranean  C&vities. 
The  water  again  springs  up  at  ai  great' distance  from  the  sea,  pure 
and  limpid.  This  circumstance  serves  to  explain  the  .fltiin'g  of  Inaqy 
caverns;  mAy.it  not  also  explain  thc^  sinuous.passages filled  with 
sand  and  gi'avel,  between  ;sCrata  which  are  feunCJ  at  great  depths  from 
the  surface,  in  the  environs  of  Paris  ?"  .     ,        • 

From  the  borings  and  sinking  for  water  in  diffisrent  parts  of  France^ 
it  is  evident  that  they  occasionally  meet  with  considerable  subterr|i«' 
neao  streams  that  have  somewhere  a  connection  with  the  surface  wa-*- 
ters.  In  a  well  sunk  at  Tours,  in  1 82d,  in  the  lower  cltalK,  to  the 
depth  of  330  feetj  the  water  rose  rapidly  for  3ome  hours,  bringing 
with  it  much  fine  sand,  fragctients  of  thorns  and  seeds  of  mVsh  plants, 
with  land  and  freshwater  shells  unchanged.  Another  fact  was  rc^. 
cently  discovered  at  Reinke,  near  Boch'um,  in  Westphalia4  ^  A  well 
was  sunk  to  the  depth  of  a  hundred  and  forty-three  feet,  when  tb^ 
water  rose  to  jnear  the  surface,  bringing  with  it  small  .^sb  from  three' 
to  four  inches  in  length.  The  nearest  currents  of' surface  water  ttro 
from  two  to  five  l^gues  distant  from  the  well.  How  small,  is  the 
proportion  of  seeds,  shells,  or  fish,  sand  or  gravel,  that  came  to  tbe 
suriace,  compared  with. those  which  ai;e  arrested, in  their  progrtf^s, 
and  finaUy  fiU  tip  the  subterranean  passages  and  change  the  direc* 
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tion  of  theundergrouod  currents !  What  a  natural  explanation  does 
this  ofiei*  of  many  facts  which  have  .embarrassed  or  deceived  geolo* 
gists !  It  <nay  be  weH  for  .the  reader  to  refer  to  what' was  stated 
in  Chap.  XIL  respecting  the  teeth  and  hopes  of  small  lend  quadru- 
pejds  found. in  the  calcareous  slate  of  Stonesfield.  I  there  obserTed, 
that  I  thought  it  probable  they  bad  been  brought  into  their  present 
sHnation  by  sabterranean  currents,  during  the  teltiary  epocb,-<-an(l  I 
am  inclined  .to  believe  that  the  traces  .of  such  subterranean  currents 
would  be  discovered,  could  the  internal  structure  of  tb^  strata  be 
jfully  htfd.opeci.      .  ''.*',  ^  .    ' 

The  sql^ejBt.  ef  subterranean  currents  becomes  interesting  to  the 
geolo^st  wbep  connected  with  caverns/ for  caverns  themselves  would 
scarcely  deseryp  attention,  were  It.  not  that  they  frequendy  cootain 
skeletons  or  bones  of  .l^e  mammiferons  animals(,  belonging  to  sjpe- 
cies  that  no  longer  exbt  in  Efurope,  abd  ^re  su^f^sed  to  be  extioct 
elsewhere,  'Many  of  these  caverns  were  closed  when  first  discover- 
ed, and  spme*  Ot  them  have  be.en  recently  found  to  contain  bumui 
skulls  and  bones,  mixed  .with  the  bones  of  extinct  species  of.  quad- 
rupeds 1  bence^  we  are  led  to  enqifire  to  what  manner  and  at  ffbt 
epoch  these  bones  were 'introduced  into  the  cavernsi  Thebooe 
caverns  id  Germany  will  be  first  described,  and  then  some  ncKJce 
will  her  given  of  the  caverns  recently  discovered  in  France,  coDtaio- 
iog.  human  skulls  apd  bo^s  ;  and  lastly,  we  shall  notice  some  of  the 
boriQ  caverns  in  England.    .  % 

It  has  been  long  kubwn  to  naturalists  and  travellers,  tbat  tbare^are 
Qumerous' caverns  in  the  calcareous.mountainsjof  Gerpfany.  and  Hun- 
gary ,'^the  floors  of  which  are  coveted  With  clay,  enveloj)ing  a  prodi- 
g4ous  quantity  of  bones  and  teeth  of  carniv9rous  animals.-  Tbe  bones 
in  these  caverns  are  nearly  the  same,  over  an  extent  of  more  thso 
one  hundred  leagues.  More  than  tlirbe  foudbs  belbilg  to  species  of 
tears  that  are  now  extinct;^ 'two  thirds  of  the  remainit]g  part  be- 
long to  an  unknown  species  of'hyeiia;  a  smaller  nuipbisr  beloogtot 
spc^es  of  lion  or  tiger,  or  of  th6  wolf  or  dog ;  a  vory  few  betoogto 
s{pall  paniivprous  anrmals,  allied  to  the  fOx  and  polecat.  Tbebooes 
are  ne^y  in  the  same,  state  in  all  these  caverns':  they  are  (bund 
sc'atteVed'and  detached,  partly  broken,  but  neyer  jounded  by  attri- 
tion, and  consequently  not  brought  from  a  distance  b»y  water«  Thej 
are  rs^th^'i'  lighter  and  more  fjzagiie  than  recent  bones,  but  stiU'pr^ 
serve  their  true  anichal  matter,  contaioine  much  gelatine,  and  are  pot 
in  the  leasr  petrified  1  The  bones  are  all  enveloped  in  eaitd  wfaico 
is  penetrated,  with  animal  .inatter:  except  a  few  bones  on  th^  surface, 
of  a-  difierent  kind,  which  hay^  bjeeii  brought  there  4t  ft  later  period, 
and  are  less  decojQopOsed. 


*  The  most  coinmon  species  of  bear  in  these  caverns,  the  tTrsas^Spcteas,  was  of 
;the  size  of  a  horse.    The  fossil  hyena  was  one  third  larger' than  anjr  knp^n  hrmg 


species. 
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The  most  remarkable  of  these  caverns  are  those  of  Gaylenreuth, 
oo  the  left  bank  of  the  river  Wiesent,  in  Bavaria :  they  vary  in  height 
from  ten.  to  forty  feet,  and  are  connected  by  narrow  low  passages. 
The  animal  earth  iutermiugled  with  bones,  is  in  many  places  more 
than  ten  fee^  deep ;  and  according  to  the  account  of  a  German  wri- 
ter, M.  Esper,  would  fill  many  hundred  waggons.  The  cavern,  or 
series  of  caverns,  at  Adlesberg,  in  Carniola,  is  much  larger  than  any 
in  Germany :  the  caves  are  of  variable  dimensions,  and  are  stated  to 
extend  more  than  three  leagues  in  a  right  line,  at  which  distance 
there  is  a  lake  which  prevents  further  access.  The  floors  'of  these 
caverns  are  covered  with  indurated  clay,  enveloping  the  bones  of 
bears,  and  other  carnivorous  animak,  similar  to  those  in  the  caverns 
of  Germany  and  Hungary.  In  one  part  of  this  cavern,  or  series  of 
caverns,  the  entire  skeleton  of  a  young  hear  was  discovered,  envel- 
oped in  clay  or  mud,  betweeq  blocks  of  limestone  w^ich  lay  on  one 
side  of  the  cave.  Bones  are  found  along  the  cavern,  for  several 
miles  from  the  entrance,  not  only  buried  in  mud,  which  forms  the 
floor,  but  among  heaps  composed  of  blocks  of  limestone  and  yelbw 
mud  or  clay.-  This  cavern  is  situated  near  the  grea.t  road  from  Tri- 
este to  Laybach. 

In  many  of  the  caverns  in  the  south .  of  France,  and  also  in  Bel- 
gium, there  are  found  Jbones  in  the  mud  and  gravel  which  form  the 
floor,  but  which  is  sometimes  coated  with  stalagmite.    , 

The  intermixture  of  human  bones  and  rude  works  of  art,  with  the 
bones  of  extinct  species  of  mammiferous  quadrupeds  has  excited 
great  attention.  In  some  instances,  the  human  bones  appear  to  be 
reduced  to  what  has  been  called  the  same  fossil  state,  as  that  of  the 
animal  bones  with  which  they  are  intermixed.  Much  more  import- 
ance has  been  attached  to  this  circumstance  than  I  think  it  deserves  } 
for,  in  the  first  place,  few  if  any  bones  of  mammiferous  land  quadru- 
peds found  in  caverns,  or  in  diluvial  soil,  can  be  properly  said  to  be 
fossilized,  as  they  retain  a  part  of  their  original  matter ;  and,  se- 
condly, the  experiments  of  Dr.  Jenner;  stated  in  p.  19.,  prove,  that 
wben  recent  bones  are  immersed  in  mud  containing  pyrites  or  solu- 
tions of  iron,  they  become  more  or  less  fossilized  in  a  few  months. 
Some  of  the  caverns  in  the  south  of  France,  according  to  M .  Des^ 
noyer^,  were  partly  filled  with  bones  of  quadrupeds  before  human 
bones  were  introduced  into  them  ;  others  appear  to  have  been  en^p- 
ty.  He  observes,  how  often  may  these  caverns  have  served  as  buri- 
al places  tQ  the  ancient  inhabitants,  or,  at  a  more  recent  period,  as 
places  of  retreat  during  religious  persejcutions,  from. the  persecutions 
of  the  Druids  to  those  of  the  Huguebots.  The  historian  Florus  (he 
adds)  expressly  informs  us,  that  the  inhabitants  of  Aqiiitaine,  an  art- 
ful people,  retired  into  caverns,  and  that  Qxsslt  gave  orders  to  have 
them  closed  in  their  retreats,  and  left  to  perish.  "  Aquitani,  Palli- 
dum genus,  in  speluncas  se  recipiebant,  jussit  includi." — Flor.  lib. 

iii.  cap.  10. 

39 
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Add  to  this,  from  the  known  habits  of  several  races  of  ihe  a&elent 
Celts  to  live  in  caverns,  of  which  many  are  preserved  in  the  pro- 
vinces bordering  the  Loire  and  the  Rhone,  it  noay  be  readily  be- 
lieved that  the  iiuroan  bones  with  pottery,  in  the  caverns  of  part  of 
ancient  Aquitaine  and'  the  Narbonnaise,  belonged  to  lome  of  the 
wretched  Gauls,  whom  Cssar  caused  to  perish  in  these  caveros. 

Where,  says  M.  Desnoyers,  the  mixture  of  human  bones  and  those 
of  quadrupeds  is  more  complete,  currents  of  water  might  have  ef- 
fected a  movement  and  intermixture  (remaniemepu)  of  a  more  recent 
date.  The  hatchets  of  flint  and  other  rude  instruments  found  in  die« 
oaves,  are  such  as  are  found  also  in  the  tumoli  of  the  ancienl  CellB, 
and  were  in  use  in  the  time  of  Cssar. 

M.  Desnoyers  thinks  the  most  ancient  of  these  bones  are  Gaulie 
or  Celtic :  others  belong  to  a  more  recent  epoch.  He  examined  the 
rich  collection  of  Celtic  coins  in  the  Biblioth^e  Royale ;  on  roaoj 
of  them  he  observed  figures  of  .animals,  such  as  the  boar,  the  hone, 
the  wild  ox,  and  the  stag ;  and  more  rarely  symbolic  or  moBstrooi 
animab,  but  no  figures  of  the  rhinoceros  and  other  extinct  races, 
which,  had  they  been  co-existent  with  man,  there  migbi  bare  heeo 
reason  to  expect. 

M.  Toumal,  who  first  discovered  human  bones  in  the  cavern  at 
Bize,  maintains  a  contrary  opinion,  and  be  applies  the  same  coocio- 
sions  to  the  bones  of  mammifeix>us  animals  in  other  caverns.  The 
caverns  of  Bize  (Aude)  contain  bones  of  the  stag,  the  eamd,  the 
roebuck,  the  antelope,  and  bear ;  those  of  Sommieres  (Gard)  odd- 
tain  bones  of  the  rhinoceros,  the  ox,  the  horse,  the  stag,  tad  (be 
hyena.  M.  Tournal  concludes  from  the  state  of  the  bones,  that  they 
are  antediluvian,  and  that  before  the  last  general  catastrophe  (ea^ 
dysme)  southern  Gaul  was  inhabited  by  man,  together  with  a  greet 
number  of  species  of  roammiferous  animals  now  extinct. 

The  cavern  of  Rancogne,  situated  three  leagues  from  Angouleme, 
b  one  of  the  largest  in  France,  and  has  long  been  celebrated  for  its 

Juantity  of  sts^actites  ;  but  under  the  stalagmiie  and  alhivial  soil  oo 
\e  floor  of  the  cavern,  a  great  quantity  of  human  and  quadropedel 
bones  have  been  found,  mixed  with  fragments  of  pottery  and  with 
pebbles  from  the  adjoining  rocks.  A  brook  still  traverses  this  grotto. 
The  river  Tardonere,  which  runs  at  a  little  distance,  loses  a  psrt  of 
its  waters  in  other  gulfs  in  the  country ;  it  often  overflows,  and  has 
penetrated  into  the  cavern  of  Rancogne.  The  traditions  of  the  cooo- 
tiy  preserve  the  remembrance  of  the  cavern  having  served  theiohtb- 
Hants  as  a  place  of  refuge  at  diflferent.  periods,  and  that  wolves,  whieh 
aboimd  in  die  forest  of  Braconne,  commonly  retire  into  it  and  cany 
with  them  their  prey,  and  human  bodies,  which  they  exhume  from 
the  neighbouring  cemetery. 

This  mode  of  fillmg  the  cavern  (observes  M.  Desnoyers)  diArs 
much  indeed  from  the  -antediluvian  theory  of  M.  TouraaL  Some 
grottoes  contain  human  bones  in  the  upper  alluvial  soil,  over  a  bed  of 
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aUdagmite,  rnidtr  which  there  is  a  bwer  bed  with  bones  or  qoad- 
inpeos.' 

The  cavern  of  MiaHet,  near  Andure,  (department  of  Gard,)  » 
aitualed  near  the  banks  of  the  river  Garden.  It  occurs  in  magne- 
sian  Kme^tDoe,  about  100  feet  above  the  valley :  the  lower  bed  or 
floot  of  the  grotto  is  a  sandy  magnesian  limestone,  covered  with  a 
tUa  bed  of  stalagmite,  and  also  in  several  parts,  with  a  bed  of  argils 
kceoos  mud,  aboot  five  feet  in  thickness.  In  this  bed  the  beads  and 
bones  of  bears  were  found  in  great  abundance  and  in  a  high  state  of 
preservation  :  they  wei^  larger  than  the  common  cavern  bear  (Urtut 
$p€Ueitt.)  A  few  fragments  of  bones  of  the  hyena,  of  ruminating  an- 
imals, and  of  birds,  were  also  found  with  them.  Under  the  stalag- 
mite aad  a  thin  stratum  of  sandy  mud,  a  great  number  of  human 
bones  were  discovered  in  different  parts  of  the  cavern.  Towards 
the  farther  end  of  the  cav^n,  the  human  bones  are  incontestably 
mixed  with  the  bones  of  bears,  which  predominate  in  that  part:  hot 
near  the  entrance,  human  bones  predominate,  and  appear  somewhat 
more  recent.  Upon  the  ossiferous  or  bone  mud,  and  under  a  pro- 
jeetion  of  the  rock,  a  human  skeleton  was  discovered  almost  entire ; 
near  which  was  a  lamp  and  a  small  figure  in  baked  clay,  and  at  a.hV 
tle  distance  were  copper  bracelets.  In  other  parts  of  the  cave  were 
found  fn^ments  of  rude  pottery,  and  instruments  of  flint,  the  work- 
manship of  a  preceding  ago.  The  human  heads  are  stated  to-pre- 
sent indicatbns  of  belonging  to  the  Caucasian  race»  but  they  have  a 
depression  of  .the  skuU,  which  M.  Tessier  supposes  to  have  been  pro- 
duced artificially. 

M.  Tessier  distinguishes  three  periods  during  which  this  grotto  was 
filled :  J6t,  An  antediluvian  epoch — ^that  of  the  bears,  which  befeng 
to  an  extinct  species;  these  he  supposes  may  have  lived  in  the'eav- 
erv  during  successive  generations,  or  may  have  been  driven  there 
by  some  great  convulsions.  2d,  An  epoch  of  incipient  civilization, 
that  of  the  ancient  Celts ;  whose  bones  are  intermixed  with  rude  im- 
plements of  industry.  3d,  A  Roman  epoch,  indicated  by  more  per- 
fect works  of  art.'  With  respect  to  the  mixture  of  human  bones 
with  those  of  bears,  it  does  not  prove  that  the  latter  were  cotempo- 
raneous  #hh  man,  because  it  is  obvious  thtit  they  could  not  have  liv- 
ed together  in  the  same  cavern.  The  mixture  ma^  have  been  ef- 
fteted  by  the  action  of  water,  or  by  artificial  excavations  in  the  origi- 
nal bone  bed,  for  sepulchral  purposes. 

Perhaps  it  may  yet  be  regarded  as  uncertaiui  whether  these  bu- 
nan  bones  were  or  were  not  coeval  with  those  of  the  cavern  bear, 
the  rhinoceros,  and  other  animals ;  for  we  have  no  decided  evi^^nce 
when  these  animals  became  entirely  extinct.  I  am  inclined  to  be- 
lieve, that  the  mastodon  of  North  America  existed  there  much  later 
than  is  generally  admitted ;  the  reason  for  this  opinion  will  be  given 
m  the  foUowing  chapter.  Secondly,  we  cannot  assign  a  reason  wl^ 
man  might  not  have  existed  in  the  tertiary  epochi  except  that  his 
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bones  are  no  where  discovered  in  the  regular  tertiary  strata.  The 
country  that  could  give  support  to  the  mammoth,  or  ancient  elephant, 
to  the  mastodon,  and  the  elk,  might,  for  aught  we  know  to  the  con- 
trary, be  also  suited  for  the  residence  of  man. 

It  is  very  different  with  respect  to  the  secondary  strata ; .  for  though 
many  of  these  strata  have  once  been  dry  land,  or  in  the  vicinity  of 
dry  land,  yet  we  no  where  find  in  them  the  bones  of  herbivorous 
mammalian  quadrupeds,  that  could  have  been  with  men  joint  tenants 
of  the  ^obe ;  noc  even  do  we  find  bones  of  carnivorous  quadrupeds 
that  might  have  preyed  upon  the  former,  had  they  existed. 

Duiing  the  tertiary  epoch,  however,  there  is  evidence  of  great 
revolutions  of  the  surface,  by  the  elevation  of  mountain  ranges,  which 
might,  perhaps^  render  the  earth  unfit,  for  the  continued  existence 
oif  the  human  species ;  and  I  am  inclined  to  believe,  that  the  occur- 
rence of  human  bones  in  caverns,  oriii  diluvial  beds  of  gravel,  sand 
or  mud,  has  not  yet  invalidated  (he  position,  that  the  creation  of  man 
was  posterior  to  the  tertiary  epoch. 

We  ceme  now  to  the  English  caverns :  they  have  been  more  re- 
cently the  object  of  attention  than  the  bone  caverns  of  Germany ; 
but  their  discovery  may  be  said  to  have  given  a  new  impulse  to 
geology,  both  in  this  country  and  on  the  Continent,  for  which  we  are 
indebted  chiefly  to  the  enlightened  and  indefatigable  exeitions  of 
Professor  Buckland  of  Oxford. 

Single  skeletons  of  large  quadrupeds  have  formerly  been  discover- 
ed in  caverns  in  this  country ;  but  we  had  no  authentic  .account  of  the 
bones  of  carnivorous  animals  having  been  found  in  any  English  caves^ 
previously  to  the  year  1821 ;  when  some  labourers,  working  in  a  quarry 
at  Kirkdale,  near  Kirby  Moorside^  in  Yorkshire,  discovered  an  open- 
ing covered  over  with  rubbish  and  earth,  about  one  hundred  feet 
above  the  neighbouring  brook.  This  was  the  mouth  of  a  low  cav- 
ern extending  about  two  hundred  feet  into  the  rock.  The  floor  of 
the  cftvem  was  covered  with  broken  bones  and  teeth  of  various  ani- 
mals, encased  in  a  stratum  of  mud  abput  a  foot  thick.  Fortunately 
this  cavern  was  examined  by  Professor  Buckland,  of  Oxford,  soon 
after  its  discovery,  who  has  published  a  very  luminous  account.of  its 
structure  and  contents,  elucidated  by  references  to  die  most  remark* 
able  caverns  in  other  countries  which  he  has  visited,  containing  the 
bones  of  carhivorous  animals.  The  bonesin  the  Kirkdale  Cave  are 
broken  and  gnawed,  and  some  of  them  preserve  the  marks  of  the 
teeth  which  have  fractured  them,  ^ven  the  excrements  of  animals, 
similar  to  those  of  the  hyena,  have  been  discovered  with  them.  The 
bones  in  this  cave  difier  much  from  those  in  the  caves  of  Grermaoy, 
as  a  great  number  of  them  belong  to  herbivorous  animals,  and  the 
carnivorous  animals  whose  remains  are  most  abundant  are  hyenas. 

Among  these  remains.  Professor  Buckland  has  ascertained  bones 
of  the  folbwing  orders : — 

Camtvorottf  Quadrupeds. — ^The  hyena,  tiger,  bear,  wolf,  fox  and 
weasel. 
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Packyiermaia. — The  ekpbant,  rhinoGerbs,  Uppopotasius,  and 
horse. 

Rodentia-  or  Onawers. — ^The  bare,  rabbit,  rat,  water-rat,  aqd 
mouse* 

Ruminant  Animah. — ^Tbe  ox  and  fragments  and  bones  of  three 
species  of  deer.   * 

Birds. — ^The  mven,  .pigeon,  lark,  snipe,  and  a  small  species'  of 
duck. 

From  the  great  number  c^  4ionesof  the  hyena  found  in  this  cave, 
Professor  Buckland  infers  that  it  had  long  been  the  habitatkm  of 
these  animals.  It  is  their  ascertained  habit,  partly  to  devour  the 
bones  of  their  prey ;  they  also  devour  the  dead  bodies  of  their  own 
species ;  like  wolves  they  are  gregarious,  and  hunt  in  packs.  From 
the  habits  of  the  hyena,  be  explains  the 'Occurrence  of  tbe'remaine 
of  large  herbivorous  quadrupeds,  like  the  elephant,  in  so  low  a  cave 
as  that  of  Kirkdale;  .they  have  been  dragged  mtd  it  by  these  vora- 
cious animals.  Several  English  caverns  have  since  been  explored. 
Id  some  of  tbem<there  are  bones  both  of  herbivorous  and  carnivorous 
aoimals  similar  to  those  in  the  Kirkdale  Cove.  These  caves  are 
described  in  Professor  Buckland's  valuable  work,  entitled  Rdiquut 
Diluvittnie. 

Thst  the  caverns  in  which  the  bones  of'  carnivorous  animals  are 
found  in  such  prodigious  quantities,  were  the  retreats  of  some  of  these 
animals,  cannot  be  doubted.  Many  circumstances^  described  in  the 
account  of  the  Kirkdale  Cave,  can  be  explained  only  by  admitting 
it.  There  are,  however,  other  circumstances  particularly  in  the 
caves  of  Germany,  which  would  imply,  that  part  of  the  bones  he- 
bog  to  animals  that  had  fallen  through  fissures,  which  formerly  open^ 
ed  into  these  caverns,  or  that  the  bones  themselves  had  been  carried 
by  currentS'Of 'Water,  through  subterranean  passages  into  these  cav- 
erns, as  before  explaraed  in  the  present  chapter.  In  the  cave  at 
Gayleoreuth  there  are  rounded,  fragments  of  limestone,  intermixed 
with  the  bones ;  and  the  entrance  of  some  of  the  caverns  is  much  too 
mall  to  have  admitted  the  animals  whose  bones  are  found  in  them. 
I  think  it  is  also  probable  that  a  violent  convulsion  of  nature,  as  a  ri- 
sing deluge  and  the  fierce  war  of  elements  without,  might  have  driv- 
en, under  the  strong  impulse  of  alarms  numerous  animals  of  differ- 
ent species  into  the  same  caverns,  where  they  devoured  each  other, 
and  their  bones  have  been  .intermixed  with  those  of  the  former  in- 
habitaotSc  The  entrances  of  many  of  the  caverns,  and  the  caverns 
themselves,  were  doubtless  formerly  more  lofty  than  at  present; 
they  have  been  gradually  lowered  by  the  subsidence  of  the  upper 
strata.  Indeed,  it  is  admitted  that  the  caverns  and  grottos  in  the 
neighbourhood  of  Adelsberg,  have  occasioned  numerous  depressions 
of  the  surface. '  Such  an  .e^ot  most  generaUy  take  place,  in  a  great- 
er or  less  degree,  with  the  strata  over  caverns. 
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T|m  cectinwioe  of  dw  famies  of  quidmedfl  in  tht  ckftt  or  fis- 
sures of  rocks,  intermixed  with  fragments  of  the  roc)C|  andcenMoted 
with  them  into  a  Jdod  of  breccia,  is  verj  common  in  many  of  the  cal- 
careous rocks  ad^ining  the  MediterraDean  sea.  The  osseous  hreo- 
cia  of  Gribraltar  is  wefi  known  r  the  calcareous  matter  which  has 
been  infiltrated  into  the  fissures,  and  forms  the  cement^  has  n»cnl- 
Iv  a  reddish  cbbur,  and  contains  so  much  pboa|riioric  aoid,  froa  the 
decomposition  of  animal  matter,  as  to  become  luminous  io  the  daA 
when  scraped.  The  bones  in  the  fissures  sarnMindng  the  Mediter- 
ranean, belong  chiefly  to  herbivorous  qoadnipeds ;  but  tbev  are 
eometifties  intermixed  with  marine  shells,  indicating  a  great  cwap 
in  the  level  of  the  rocks  subsequent  to  the  filHiq;  of  the  fissures. 

Osseous  breccia,  simibr  to  that  in  Europe,  has  been  receotlj  dis- 
covered by  Major  Mitchd,  in  the  rocks  bordering  WelfingtoDv  alley, 
in  ^ew  Holland.  The  breccia  contains  bones  and  fragments  of  rock, 
widi  the  same  red  cajcareous  cement  as  the  ojsseous  breccia  of  Gib- 
raltar, &c. 

'  According  to  the  examinatbn  of  Curier  and  Mr.  Pentland,  some 
of  the  bones  befeng  to  different  species  of  the  kangaroo,  and  iDanah 
of  the  same  genera  that  exist  in  New  Holland ;  but  others  belooglo 
species  hitherto  unknown  to  naturalists.  Among  diese  bones  there 
are  the  remains  of  a  spedes  of  elephant :  a  fact  ejttremely  ioterest- 
ing,  as  it  proves  that,  in  the  ancient  ooOdiiion  of  the  globe,  diis  pan 
of  its  surface  supported  animals  more  anfibgous  to  those  of  Asia  and 
Africa,  than  any  which  existed  upon  it  when  first  discovered  by 
Europeans.  In  die  report  to  the  Geologwal  Sobiety  of  France,  1831, 
it  is  observed — ''Thus  we  bare  in  New  Holland,  a  deposkioo  of  os- 
^u»  breccia  and  caverns,  similar  to  those  of  Europe.  Wen  Him 
deponiiom  eotemporaryf  This  is  not  rery  probable ;  at  difiereot 
epochs  thednabgy  has  consisted  in  the  mode  of  fonnatioD;  nnnj 
difierent  catastrophes  may  have  destroyed  the  great  ariimsk  of  the 
Ohia,  of  the  Irrawadi,  of  the  north  and  central  parts  of  Europe,  and 
of  Australia,  and  buried  their  bones  in  fissures  and  oitvems,  oris  beds 
of  day  and  gravel.  But  whatever  was  the  epoch  of  the  depositioD 
in  New  Holland,  the  orgaiuzation  of  animal  life  was  then,  io  a  great 
part,  the  same  as  at  present;  since  we  find  in  the  osseoua breccia, 
the  ^pes  of  that  class  of  animals  that  are  still  peculiar  to  (be  couo- 
try,  but  always  accompanied  by  bones  of  genera,  (the  mastodoo  and 
elephant,)  which  are  altc^ther  unknowi\  there." 


The  depositkins  of  cakareous  earth  pendant  fiom  the  roofs  of  car* 
ems,  caDed  9ialadiU$f  and  those  upon  the  floors  of  caveras,  calle<l 
^tidagmiie$f  are  formed  by  the  evaporadoo  of  water,  hoMiiig  calca- 
reous earth  in  solution.  A  drop  of  water,  in  evaporatbg,  deposits  a 
pelfide  of  limestone,  which  is  increased  by  succeedmg  depoaitioDS, 
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until  a  Bmall  protuberaoce  of  adid  limestooe  is  formed}  nearly  the 
shape  of  a  drop  of  water.  This  protuberance  becomes  enlarged  by 
water  trickling  over  it,  and  takes  the  shape  of  an  icicle.  The  water 
that  drops  upon  the  floors  of  caverns,  sometimes  deposits  a  thick  coat 
of  limestone  over  the  whole  floor;  but  in  those  parts  where  the  drops 
fall  most  frequently,  a  more  copious  depositibn  of  calcareous  eaith 
takes  place,  in  tbe  form  of  tubercles :  these  are  the  stalagmites.  In 
some  instances  the  stalactites  and  stalagmites  increases  until  tbey 
nearly  fill  the  whole  cavern. 
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CHAPTEE  XXI. 

ON    THE    DESTRUCTION    OF    MOUNTAINS,    AND    THE    FORMATION  OF 
SOILS  ;    AND    ON    ALLUVIA^i   AND    DILUVIAL  DEPOSIT  JONS. 

• 

Eri'oneous  Opinions  respecting  the  Growth  of  StonesJ  supported  by  the  Aathoriiy 
of  John  Locke. — On  the  Causes  in  present  operation  that  wear  down  Rocki- 
Rapid  Destruction  of  Mountains  dependent  on  their  Stroctare.— Fall  of  M<mt 
Qrenier  in  Savoy. — Breaking  down  of  the  Barriers  of  Mountain  tAkes.— Scat- 
tered Masses  of  Kock. — Increase  of  Land  by  Alluvial  Depositions  in  Lakes,  and 
the  Deltas  of  large  Rivers. — On  the  Formation  of  productive  Soils.— Recent 
Strata  formed  in  Lakes. — Peat  and  Peat  Moors. — Inundations  of  Sand— R^ 
mains  of  Elephants  and  other  large  Animals  found  in  the  Diluvial  Beds  in  Eng- 
land, and  the  Frozen  Regions  of  Europe  and  Asia. 

• 

Few  person^  can  have  travelled  a  hundred  miles  through  any  coun- 
try without  having  seen  beds  of  gravef,  or  of  rounded  stones,  or  frag- 
ments of  rock  scattered  in  difierent  directions,  which  were  evideatlj 
never  brought  into  their  present  situation  by  the  labour  of  man.  Id 
some  instances,  these  masses  of  loose  stones,  or  large  fragments  of 
rock,  occur  on  the  summits  of  hills,  or  on  elevated  ground,  and  (be 
stones  are,  altogether,  unlike  anr  rocks  or  strata  in  the  adjacent  dis- 
tricts. Among  the  hundreds  of  travellers  to  whom  such  objects  are 
familiar,  it  is  surprising  how  few  have  ever  raised  the  enquiry— "^<w 
did  these  masses  of  rock^  or  beds  of  loose  stones^  come  Aere?"  One 
great  reason  for  this  indifference  arises  from  a  cause  that  may  sur- 
prise geologists.  Many  well  educated  persons,  who  possess  much 
information  on  various  subjects,  still  entertain  the  belief  that  stones 
grow  in  the  places  tvhere  they  are  now  found  :  this  belief  excludes 
the  necessity  for  further-enquiry.  They  can  also  refer  to  the  authori- 
ty of  the  ablest  philosopher  this  country  ever  possessed,  for  a  coo- 
firmation  of  their  opinion,  sliould  it  be  controverted. 

The  celebrated  John  Locke  states,  in  his  *'  Elements  of  Natural 
Philosophy,"  that  '*  all  stones^  metais^  and  minerals^  are  real  t^^* 
bles;  that  m,  grow  organically  from  proper  seeds y  as  well  as  ;rf<w^» 

If,  in  the  present  age  of  general  information,  any  one  should  think 
it  superfluous  to  notice  this  extraordinary  passage,  let  him  enquire 
among  his  friends,  whether  stones  grow  9  and  he  will  be  somewhat 
surpri|»ed  by  the  answers  be  may  receive.   - 

These  Scattered  fragments  of  rock,  or  beds  of  loose  stones,  to- 
gether with  beds  of  sand  and  gravel,  present  objects  of  enquiry  of 
the  most  interesting  kind.  From  what  districts  were  they  transport- 
ed ?  What  were  the  ca,uses  by  which  they  were  removed  ?  What 
was  the  epoch  of  their  removal  ?  , 

A  farther  enquiry  also  presents  itself,  as  some  of  the  bedsof  bosc 
stone  are  rounded,  or  water-worn,  like  the  shingles  on  the  sea  beach, 
but  are  now  raised  many  hundred  feet  above  the  high-water  ow*' 
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By  what  agents  were  these  beds  raised  to  their  present  elevation  ? 
Satisfactory  solutions  to  all  these  enquiries  will  probably  long  remain 
desiderata  in  geology,  though,  in  some  instances,  we  can  now  arrive 
at  a  high. degree  of  probability,  by  referring  to  causes  in  present  ope- 
ration. "^  These  scattered  fragments  or  masses  of  rock,  with  beds  of 
loose  stones  and  gravel,  or  of  superficial  sand  or  clay,  are  comprised 
by  French  geologists  under  the  appropriate  name  of  terrains  de 
transport ;  a  name,  however,  which  cannot  well  be  inti'oduced  into 
our  language.  We  shall,  therefore,  divide  them  into  three  groups, 
adopting  the  names  generally  received.  Scattered  blocks  of  rock ; 
diluvial  beds  or  diluvium ;  and  alluvial  beds  or  alluvium ;  using  the 
two  latter  without  any  reference  to  theory.  Alluvial  beds^  consist  of 
the  sand,  soil,  or  stones,  brought  down  by  rivers,  and  deposited  in 
their  beds,  or  scattered  iipon  their  banks,' or  carried  into  the  sea  or. 
into  lakes,  forming  deltas  at  the  mouths  of  rivers.  DUuvjiumy  or 
diluvial  beds^  comprise  both  the  scattered  blocks  of  rock,  and  the 
beds  of  stone  or  gravel,  that  are  carried  into  distant  districts.  They 
are  called  diluvial,  on  the  supposition  th&t  they  were  transported  dur- 
ing some  great  convulsion,  by  deluges  or  inundations ;  or,  in  other 
words  that  they  were  removed  by  causes  more  powerful  than  any 
which  are  seen  in  constant  operation. 

In  order  to  f(9rm  a  more  distinct  idea  of  the  causes  which  have 
transported  the  beds  and  fragments  of  stone  into  their  present  situa- 
tion, we  shalf  first  consider  the  causes  that  are  daily  wearing^dpwn 
the  loftiest  mduntains  and  cliffi,  or  undermining  the  solid  ground  on 
the  sea  shore.  The  disintegration  of  rocks  and  mountains  is  constant- 
ly taking  place,  by  the  incessant  operation  of  atmospheric  causes. 
The  infiltration  of  water  into  the  fissures  of  rocks,  and  its  ei^pansion 
by  frost,  often  produces  sudden  falls  of  Immense  masses  of  ^rock. 
The  slow  operation  of  descending  currents,  excavates  the  soft  beds 
in  the  lower  parts  of  mountaic^i^  and  the  upper  rocks,  beidg  under- 
mined, fall,  with  a  tremendous  crash,  into  the  vales  bek>w.  Instan- 
ces of  this  kind  have  occurred  In  our  own  times.  By  both  these 
causes,  the  process  of  disintegration  is  rapidly  going  on  in  the  Alps ; 
but  such  is  the  immensity  of  these  enormous  mountain  ranges,  that 
ages  pass  away,  before  any  diminution  of  their  bulk  is  perceived. 

In  Alpine  districts  of  great  elevation,  there  is  also  another  cause, 
more  exposed  to  observation,  which  is  ever  in  action  during  the  sum- 
mer months.  The  snow  upon  the  mountains  below  the  line  of  eter- 
nal congelation,  when  it  begins  to  dissolve,  forms  numerous  rivulets, 
that  unite  into  large  streams,  and  descend  in  cataracts  with  impeto- 
ous  force,  excavating  deep  ravines  in  the  lower  rocks..  To  use  the 
words  of  Professor  Play  fair,  they  are  "Nature's  saws,  inqesBantly  at 
work,  cutting  down  the  mountains." 

The  vignette  in  the  titlepage  of  this  volume  repcesents  the  upper 
part  of  tb^  valley  of  Sext,  in  Savoy,  in  which  the  water,  descending 
from  the  Alpine  snow  on  the  Buet  and  other  mountains,  is  seen  rush* 
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ing  in  numerous  cascades  to  the  lower  valley.  But  the  most  powe^ 
ful  effects  of  these  cataracts  may  be  observed  daring  thvnder  sUNrnu, 
or  ader  an  unusually  rapid  tha^,  when  the  upper  rivulets  overflow 
then*  accustomed  boundaries,  and  carry  with  them  the  loose  stooes 
or  masses  of  rock  they  meet  in  their  descent,  and  dash  them  with  in- 
conceivable violence  into  the  lower  waterfalls,  breaking  dowa  the 
solid  rocks  on  each  side,  and  'deepening  and  enlarging  the  ntfioes 
into  which  they  fall.  The  operation  of  this  cause  vnll  be  again  re- 
ferred to  in  the  following  chapter* 

We  need  not  indeed  travel  to  the  Alps  to  prove,  that  the  mouotab 
have  beto,  and  are  still  wearing  down.  The  rocky  fragmeots  la 
Boi^rowdale ;  the  deep  ravines  m^de*  by  torrents  in  the  sides  of 
Skiddaw ;  the  immense  blocks  of.  granite  torn  from  Wastdale  Cnf, 
id  Westmoreland,  and  scattered,  many  miles;  over  the  adjacent  cooo- 
ties  offer  striking  proofs  of  this.  The  central  parts  of  Englaixl 
had  once,  a  greater  elevation  than  at  present;  pebbles,  fcnsed 
of  the  Cbamwood  •  Forest  rocks,  are  spread  all  over  the  midlaod 
counties.  Masses  of  the  rooks  of  Cumberland  and  Wales,  more 
or  less  water-worn,  occur  almost  every  where  under  the  alluvial  plaios 
of  Cheshire  and  Lancashire.  Beds  of  flint  gravel,  formed  bj  dis- 
integration of  chalk  rocks  in  which  flints  were  imbedded,  occar  in 
many  parts  of  Englarid  at  a  considerable  distance  Yrom  the  sea,er 
from  the  chalk  districts.    '* 

The  transportation  of  these  masses  of  rook,  or  beds  of  stones 
and  gravel,  cannot  have  been  effected  by  any  thing  like  the  present 
action  of  rivers  in  Eneland,  and  is  generally  referred  to  the  more  ex- 
tensive operation  of  deluges,  during  great  convulsions  of  the  globe; 
btit  if  w«  return  to  the  Alps,  and  view  the  effects  now  taking  phee, 
we  must  admit,  that  it  is  not  always  easy  to  make  the  distinction 
between  alluvial  and  diluvial  depositions. 

Innumerable  blocks  of  granite  and  ether  primaiy  rocks,  ton  from 
the  central  range  of  the  Alps,  are  scattered  over  the  caleareoos 
mountains^  at  a  great  distance  from  this  range,  or  are  spread  h  beips 
in  many  of  the  distant  valleys.  All  of  the  ^reat  rivers  that  issue 
from  the  Alps,  where  the  valleys  open  into  the  plains,  ha?e  made 
deep  sections  in  beds  composed  of  the  ruins  of  the  mountains,  and 
exhibit  proofs  of  the  vast  destructioD  that  has  taken  place.  He  liver 
Doire,  where  it  enters  the  plains  of  Piedmont,  has  cut  through  a 
m^ss  of  fragments  more  than  1 500  feet  in  depth ;  these  fragmeats 
consist  of  irregular  blocks  of  granite,  mica  slate,  and  serpentioe,  fre- 

Sently  more  than  thirty  cubic  yards  in  extent^  covered  by  smaller 
igments,  and  by  earthy  matter  from  the  decomposition  of  the  softer 
rocks ;  the  fragments  decrease  in  size  as  their  distance  increases 
from  the  parent  mountain. 

Whoever  has  ascended  the  lofty  eminences  immediately  bebw  the 
highest  pinnacles  of  the  Alps,  can  scarcely  fail  to  have  receifed  sen- 
nble  proofs,  of  the  daily  and  hourly  disintegration  of  the  raoootaios. 
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Hen,  placed  nmify  above  the  regioD  of  vegetable  or  animal  exis* 
tence,  and  surrounded  by  the  subUmest  objects  in  oaturoi  the  deep 
atleoce  which  prevails  around  is  truly  solemn  and  impressive ;  but  it 
is  broken  from  time  to  time,  by  sounds  like  the  rolling  of  distant 
thunder,  or  by  a  nearer  and  louder  crash,  which  is  repeated  by  the 
echoes  from  rock  to  rock.  These  sounds  proceed  from  the  falling 
of  avalanches,  or  from  glaciers  splitting  and  discharging  the  loose 
rocks  upon  their  surface,  or  from  6bouleraents  of  rock,  detached  from 
the  bare  and  exposed  sides  of  the  pinnacles  and  aiguilles.  The 
(ragments  generally  fall  into  the  elevated  mountain  valleysi,  and  are 
scattered  over  the  surface  of  the  higher  glaciers,  which  extend  from 
thence  into  the  lower  Alpine  valleys.  Ab  the  glaciers  in  these  val* 
leys  are  gradually  melting  during  summer,  tbe  ibe  above  progressive- 
ly moves  downward,  bearing  with  it  the  cargoes*  of  stones  on  its  sur** 
uice,  which  it  di^ha^ges  in  heqps  at  its  feet  and  sides.  These  ac- 
cumulations of  stones  are  called  marains*  The  destruction  of  granitic 
and  schistose  mountains  it  has  been  before  observed,  is  generally 
eSected  by  water  penetrating  between  the  fissures,  becoming  sudden- 
ly expanded  by  frost.  The  overthrow  of  calcareous  rocks  is  efiec- 
ted  in  a  difierent  manner ;  and  the  vast  ^boulements  which  they  oc- 
casion, are  more  terrific  and  deetructive,  than  the  eboulements  from 
the  primary  mountains,  as  they  generally  take  place  in  more  thickly 
inhabited  districts. 

Tbe  desuruetion  of  the  calcareous  mountains  m  the  Alps,  depends 
on  the  peculiar  composition  and  structure  of  these  mountains.  In 
tbe  year  1821,  I  passed  a  great  part  of  the  summer  in  examiniug 
the  calcareous  mountains  in  Savoy,  the«  structure  of  which  was  then 
not  generally  understood,  or  at  least  had  not  been  described,  in  any 
geological  tvork  that  I  had  met  with.  It  was  generallv  believed,  *that 
diecdcareous  mountains  were  Composed  entirely  of  beds  of  lime- 
stone, with  lofty  mural  precipices  on  the  upper  part ;  and  that  the 
lower  parts,  sloping  from  these  precipices,  were  formed  of  tbe  d^ 
bris  01  tbe  limestone.  Sp  far  from  this  being  the  case,  the  calcare- 
ous mountains  of  the  Alps,  which  comprise  all  the  English  forma- 
tions, from  the  magn^sian  limestone  or  chalk,  alternate,  like  the  E«ng- 
lish  formations,  with  enormous  beds  of  soft  shale  and  sandstone ;  and 
it  b  to  this  alternadon,  that  they  owe  the  frequent  destructioD  of  the 
upper  parts  of  the  mountains. 

If  all  our  Englisb  secondary  formations,  were,  by  some  powerful 
caos^,  elevated  six  or  seven  thousand  feet  above  their  present  level, 
and  the  beds  bent  into  curves,  constituting  several  ranges  of  moun- 
taibs,  we  should  have  precisely  what  is  found  in  the  cidcareous  ran- 
ges of  tbe  Alps.  This  arched  form  of  the  calcareous  mouotains  is 
represented,  Plate  II.  fig.  1.,  and  fig.  2.  x^  y.  Now,  if  one  thick 
bed  of  limestone,  or  a  portion  of  it,  be  broken  oflfas  at  sr,  fig.  2,  the 
acdoa  of  continued  riKins  on  the  soft  bed  on  whieb  it  rests,  will  un- 
dermine it,  until  other  portions  of  the  limestone  will  fall  down ;  and 
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if  this  process  take  place  od  both  sides  of  the  mountaiD,  the  whole 
of  the  bed  of  limeetooe  will  fall,  except  the  part  which  rests  flat  up- 
on the  suromtt :  in  this  manner  have  been  left  the  enormoas  caps  of 
limestone,  like  immense  casdes,  that  compose  the  summits  of  the 
calcareous  mountains,  near  the  lake  of  Aiineqr,  and  in  the  Bau- 
ge8.-«-Sometimes  the  mountain  paps,  which  form  an  extended  range 
in  front,  present  the  appearance  of  a  narrow  ridge,  when  seea  id 
profile. 

The  mountain  called  the  Dent  d'Alencon,  near  the  Lake  of  Ad- 
necy,  oflTers  a  remarkable  instance  of  this.  '  See  Plate  U.  fig.  6. 
The  mass  of  limestone  on  its  summit, — ^which  I  found  bj  trigooo- 
metrical  measurement  to  rise  3840  feet  abo^  the  lake,  and  to  be 
nearly  five  hundred  feet  in  thickne^j— -was,  undoubtedly,  once  a 
continuous  bed,  covering  the  mountain  like  a  mantle,  as  represeDted 
by  the  dotted  lines :  in  the  course  of  ages,  the  side  a  a  has  falleo 
down,  and  the  actio6  of  rain  on  the  soft  bed,  c,  on  the  other  side,  b 
undermining  the  steep  escarpment  i,  and  preparing  for  its  farther 
destruction.  The  sou  bed  c  c,  wbicb*forms  the  talus  or  slope,  be- 
ing covered  with  vegetation  on  the  side  b  c,  is  in  some  parts  protect- 
ed from  rapid  disintegration.  On  the  opposite  side  of  the  vaDey,  I 
found  that  the  thick  bed  which  formed  the  talus  or  slope  under  the 
limestone,  was  lias  clay.  I  was  not*  able  to  ascend  the  Deot  d'Aleo- 
9on,  and  therefore  did  not  ascertain  whether  the  bed  c  wAs  soft  sand- 
stone or  lias.  In  numerous  instances,  the  upper  beds  of  limestone 
in  the  mountains  of  Savoy,  may  be  observed  overlapping  and  over- 
hanging, as  at  a  cr,  Plate  11.  fig.  1.,  and  are  thus  prepared  to  faii, 
whenever  the  rain  and  frost. has  widened  the  longitudinal  natural  fe- 
aures  in  the  limestone.  In  Plate  II.  fig.  2.,  the  mountain  at  y,  which 
bad*  the  arched  stratification,  has  been  so  broken  as  to  pre^nt  asteep 
escarpment :  such  instances  are,  very  common  ih  Savoy.  The  pres- 
ent state  of  Mont  Grenier,  sooth  of  Chamberry,  and  the  vast  ruins 
in  the  plain  below,  ofifer  a  striking  illustration  of  the  causes  which  are 
in  operation,  to  disintepate  the  vast  calcareous  mountains  of  Saro/' 
The  following  description,  with;  the  cut,  is  taken  from  the  first  rol- 
ume  of  my  Travels : — ^^  A  part'of  Moot  Grenier  fell  down  in  the 
year  1248,  and  entirely  buried  five  parishes,  and  the  towo  aod 
church  of  St.  Andre.  The  ruins  spread  over  an  extent  of  about 
nme  square  miles,  and  are  called  les  Abymes  de  Myans.  After  a 
lapse  of  so  many  centuries,  they  still  present  a  singular  scene  of  des- 
olation. The  catastrophe  must  have  been  most  awful  when  seen 
from  the  vicinity ;  for  Mont  Grepier  is  almost  isolated,  advaocio^ 
itito  a  broad  plain,  which  extends 4o  the  valley  of  .the  Isere.  It  is 
several  miles  in  hsngth,  and  is  connected  with  the  mountains  of  the 
Grand  Chartreux,  but  it  is  very  narrow.  Its  longitudinal  directioo 
is  from  east  to  west :  near  the  middle  it  makes  a  bend  towards  (he 
north,  forming  a  kind  of  bay  or  concavity  on  the  southern  side. 
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"  Mont  Grenier  rises  Tery  abruptly  upwards  of  4000  feet  above 
the  plain.  It  is  capped  with  an  immense  mass  of  limestone  strata, 
not  less  ihstn  600  feet  in  thicknessi  which  presents  on*  every  side  the 
appearance  of  a  wall.  The  strata  dip  gently  to  the  side  wUch  fell 
into  the  plain.  .  This  mass  of  limestone,  rests  on  a  fotmdatioo  pf  soft- 
er strata,  probably  molasse,  under  which  are  distinctly  seeii  tbio  stra- 
ta, alternating  with  soft  strata.  The  annexed  cut  represents  die  east 
wing  of  the  mountam,  and  a  small  part  of  the  Abymes  de  Myaos. 
There  cab  be  little  doubt  that  the  catastrophe  was  caused  by  tba 
gradual  erosion  of  the  soft  strata,  which  undermined  the  mass  of  lime- 
stone above,  and  projected  it  into  the  plains  It  is  also  probable,  tbat 
the  part  which  fell,  had  for  some  time  been  nearly  detached  from  the 
mountain  by  a  shrinking  of  the  southern  side,  as  there  is  at  present  a 
rent  at  this  end,  upwards  of  2000  feet  deep,  which  seems  to  have  cut 
off  a  large  section  from  the  eastern  end,  that  now 

'  Hangs  in  doablful  ruins  round  its  base,' 

as  if  prepared  to  renew  the  catastrophe  of  1248.  The  Abymes  de 
Myans  are  hills,  or  rather  monticules,  of  a  conical  shape,  vaiying  io 
height  from  twenty  to  thirty  feet ;  they  cover  about  nine  sqsare 
miles  :  the  mpnticules  are  composed  of  fragments  of  calcareous  stra* 
ta,  some  of  which  are  of  immense  size.  Thev  consist  of  yellowish 
oolitic  limestone,  strongly  resembling  the  )ower  oolites  in  Gloucester- 
shire I  a  gray  limestone,  harder  and  more  crystalline  than  lias,  which, 
however,  it  may  probably  be ;  knd  a  thin  slaty  arenaceous  limestoae,^ 
much  resembling  Stones6eld  slate.  Fragments  of  schistose  chert 
were  ipterstratified  with  some  of  the  limestone. 

^^The  largest  masses  have,  evidently,  fallen  from  the  upper  bed 
6(  lime^one  by  \yhich  Mont  Gremer  is  capped.  The  velocity  they 
would  acquire  by  falling  frpm«  so  great  a  height,  making  due  allow- 
ance for  the  resistance  of  the  atmosphere,  could  not  h6  less  than  300 
feet  per  second ;  and  the  projectile  force  they  gained  by  suikio; 
against  the  base  of  the  mountain,  or  against  each  other,  has  spread 
them  far  into  the  plain.  In  the  course  of  years,  the  rains  or  curreuls 
of  water  from  dissolving  snows,  have  furrowed  channels  between  the 
larger  rtiasses  of  stone,  and,  washing  away  part  of  the  loose  earth, 
have  left  the  immense  number  of  detached  conical  hills  which  are 
seen  at  present.  So  deep  and  vast  was  the  mass  of  ruins  that-coirer- 
ed  the  town  of  St.  Andre  and  the  other  parishes,  that  nothing  belong- 
ing to  tliem  has  been  discovered,  except  a  smdl  bronze  statue.'*^ 
Vol.  i.  p.  201. 

A  part  of  a  mountain  near  Servos,  on  the  road  to  Chamouny,  fell 
down  in  the  year  1751.  The  fall  continued  for  many  days,  and  the 
air  was  darkened  with  immense  volumes  of  black  dust,  which  ex- 
tended for  twenty  miles,  and  is  still  remembered  by  some  of  the  old- 
est inhabitants  of  Chamouny.  A  continued  succession  of  reports, 
like  those  of  cannon,  announced  the  successive  falling  of  rocks,  day 
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and  nigbc.  The  oiountaio  did  not,  Kke  that  of  Mont  Orenier,  fall  at 
once,  for  it  is  composed  of  a  succession  of  beds  of  limestone  resting 
on  sandstone,  and  extremely  fragile  schist,  which  are  even  now  yield- 
ing to  the  constant  action  of  rain.  A  deep  excavation,  which  I  ob- 
served under  a  precipice  of  limestone,  near  the  summit,  appeared  in 
1821  to  threaten  a  renewal  of  the  catastrophe  of  1751<.* 

In  the  Swiss  Alps,  the  great  eboulementr\  which  have  destroyed 
whole  villages,  have  l^een  caused  by  the  sliding  dowp  of  highly  in- 
clined beds  pf  loose  conglomerates,  which  have  Been  undermined  at 
their  bases.  This  will  be  better  understood  by  a  reference  to  Plate 
IL  fig.  2.,  representing  the  section  of  a  mountain  6n  the  Alps :  the 
beds  a  a  i  a  A  are  highly  inclined ;  and  should  the  outer  bed  a  be  a 
soft  sandstone  or  conglomerate,  the  action  of  water-courses  or  heavy 
rains  upon  its  foot  or  base  tends  to  destroy  and  undermine  it,  and  the 
whole  bed,  perhaps  several  hundred  feet  in  thickness,  is  suddenly 
precipitated  into  the  valley.  In  1806,  a  part  of  the  mountain  of 
Rosberg,  betwe^^n  the  lakes  of  Zug  and  Laworts,  fell  down  from  the 
cause  here  mentioned',  ani)  buried  a  considerable  part  of  the  valley, 
and  several  of  the  inhabitants. 

Where  the  soil  is  favorable  to  vegetation,  the  debris,  or  ruins  from 
the  fall  of  mountains,  become-  covered  with  vineyards  and  chestnut- 
trees  ;  of  which  we  have  an  example  in  the  soil  that  covers  the 
former  town  of  Pleurs,  iiear  .Chavennes,  and  all  its  ndble  palaces, 
belonging  to  opulent  citizens  of  JVfilan.  On  the  26th  of  August, 
1618,  "  an  inhabitant  entered  the  town,  and  said  that  he  saw  the 
mountains  cleaving :  he  wa^  laughed  at  for  his  pains ;  but  in  the 
evening  the  mountain  fdl«  and  buried  the  town  and  all  its  inhabitlints. 
The  number  destroyed  is  stated  to  be  2430,  of  whoVn  not  one  es- 
caped, except  the  person  who  warned  them  of  their  danger.*' 

Where  the  soil  is  unfavourable  to  vegetation,  the  ruins  remflin  ex-^ 
posed  to  the  action  of  rains,  and  of  torrents  from  the  sudden  melt- 
ing of  snow,  which  fuf row  channels  through  them,  and  leave  detach* 
ed  monticules,  as  in  the  Ahymes  de  Myant;  but  it  is  evident,  that  by 
these  causes  tbey  c^ould  not  be  transported  to  distant  countries,  ■  ex- 
cept in  the' comminuted  forip  of  sand  or  mud. 

There  are^  however,  other  causes  in  present  activity,  which  tear 
down  large  masses  of  rock,  and  carry  them  many  miles  from  their 


«  In  an  Essay  swr  Us  Carcet^res  Zoologiques,  by  M.  Brongniart,  published  in 
1822,  he  has  giyeu  a  section  Of  this  mpantain ;  and  from  the  fossils  in  the  qpper 
bed,  and  the  green  sandintermixed,  he  has,  with  much  probability,  classed  it  with 
the  chalk  formation.  The  lower  beds  of  the  mountain,  containing  ammonites,  he 
still  classes  with  transition  rocks;  but  I  am  persuaded  that  these  }ow«r  beds  are 
not  more  ancient  than  the  English  lias,  or  the  blue  beds  of  the  magnesran  lime- 
stone: and  in  this  mountain,  (Montagne  de  Fis,)  we  have  all  the  upper  secondary 
strata  of  this  part  of  Savoy  in  one  group. 

t  The  fall  of  parts  of  mountains  is  so  common  an  occurrence  in  the  Alps,  that 
it  is  expressively  called  an  iboulemtnty  from  the  verb  ibouler.  In  Devonshire  and 
Dorsetshire,  the  &U  of  the  clifis  is  called  a  rtrngtment. 
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native  sites.  Tbe'tnountaiD  valleys  in  the  higher  Alps,  06  the  on- 
fines  of  eternal  snow,  sometiilnes  becomes  closed  by  the  extensioR  of 
a  lateral  glacier  across  them,  which  dams  in  the  water  from  the  melt- 
ing of  Alpine  snow,  and  forms  a  mountain  lake,  elevated  many  thou- 
sand feet  above  the  lower  habitable  valleys.  During  verj  hot  sum- 
mers, the  same  cause  which  increases  the  waters  in  the  lake,  by  a 
more  rapid  melting  bf  the  Alpine  snows,  diminishes  the  strength  and 
thickness  of  the  barrier  of  ice ;  ii  is  rent  asunder,  and  the  whole  wa- 
ter of  the  lake  is  suddenly  precipitated  with  tremendous  violence, 
into  the  lower  valleys,  tearmg  down  and  bearing  along  with  it  all  op- 
posing obstacles :  the  water  is  seen  approaching  like  a  moving  waD. 
In  this  manner  was  the  village  of  Martin^ny  in  the  Valais  nearly  de- 
stroyed in  1818.  A  similar  inundation,  m .  the  valley  of  the  Upper 
Doron  in  the  Tarentaise,  took  place  in  the  following  year.  I  had  an 
opportunity  of  observing  ita  effects,  which  appeared  to  equal  in  in- 
tensity,  but  not  in  extent,  those  of  diluvial  action.  Numerous  blocb 
of  stone  of  piany  tons'  weight,  *  were  brought  down  by  the  torrentt 
and  scattered  over  a  small  plain  at  the  mouth  of  the  lateral  valley, 
along  which  they  had  descended.  These  blockswere  chiefly  quartz 
rock,  intermixed  with  a  few  blocks  of  mica  and  talc  slate. 

To  proceed  to  the  causes  which  are,  in  the  present  time,  wearing 
down  the  surface  of  islands  and  continents.-^The*  action'  of  the  sea 
upon  the  cliffs  in  England,  proves,  in  a  striking  manner,  the  change 
which  this  important  agent  can  effect  in  the  space  of  a.  few  centuries, 
and  sometimes  in  a  few  years.  In  Devonshire  and  Dorsetshire,  and 
on  the  cpasts  of  Sussex,  Kent,  and.  Su^lk,  the  sea  has  made  great 
encroachments  on  the  land,  since  the  time  of  the  Norman  Conquest; 
as  may -be  proved  both  by  ancient  records,  and  by  what' is  now  ta- 
king place ;  the  clifis  being  undermined  by  high  tides,  lai^e  poctions 
bf  land  are  yearly  falling  into  the  s^a. 

It  may,  however,  be  doubted,  v?hether  the  surface  of  dry  land  is 
not  gradually  increasing  on  the  whole  globe.  The  depositions  from 
the  sea  and  from  rivers  are  filling  up  bays,  estuaries,  and  lakes:  all 
broad  flat  valleys,  and  almost  all  low  knd  fertile  plains,  were  once 
covered  with  water.  On  the  eastern  side  of  our  own  island,  though 
the  land  is  wearing  away  in  some  parts,  *it  is  increasing  more  rapidly 
in  others.  The  fiat  parts  of  Lincolnshire,  Cambridgeshire,  and  Hol- 
derness  in  Yorkshire,  have  been  gained  from  the  sea,  pr  from  rivers, 
by  depositions  of  sand  and  mud  at  no  very  remote  period ;  and  the 
process  is  going  on  daily.  In  many  parts,  the  s^a,  during  high  tides, 
is  above  the  present  level  of  the  land,  and  is  kept  out  byembank- 
ments.  i 

In  Yorkshire,  the  proprietors  contrive  to  raise  the  surface  of  the 
ground,  by  what  is  called  warping.  At  the  highest  spring  tides, 
they  open  sluices  in  the  embankments,  and  cover  the  land  with  the 
turbid  sea-water,  which  remains  until  it  has  deposited  its  contents, 
and  is  let  out  at  low  water.    The  quantity  of  earthy  matter  held  m 
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suspensioD  by  rivers  after  heavy  rains  is  prodigiously  great.  J^^i^-  \^^  ^^^  ^J  ^'  '• 
ing  to  Major  ReoDell,  a  glass  of  water  taken  from  the  ^^"^WM^A^^j  ^^  ^^'  ^ 
height  of  Its  inundations,  yields  one  fourth  sediment.  Mra^thifbw  V  ^i\»^\ 
says,  in  his  account  of  China,  that  the  quantity  of  mud  brougkt  Ayir  oir 
by  the  Yellow  River  was  found,  by  calculatipn  founded  on^|»£jpQ][^V^ 
ment,  to  jBxceed  two  million  solid  feet  per  hour ;  and  that  some  inu^ 
distant  from  the  sea,  the  river  was  three  quarters  of  a  mile  broad, 
and  was  rupning  at  the  rate  of  seven  or  eight  miles  an  hour.  A 
great  part  of  the  enormous  mass  of  mud,  which  is  perpetually  brought 
down  by  the  Yellow  River,  is  bonae  by  strong  currents  from  the  Yel- 
low Sea  into  the  Gulf  Petcfaelee,  where  the  stillness' of  the  water  al- 
lows it  to  subside.  Into  tbe  same  gulf  the  river  of  Peking  discharges 
itself;  and  Mr.  Barrow  observes,  that  a  great  part  of  the  land  adjqin- 
iog  this  gulf  has  apparently  beeil  formed,  by  the  sand  and  mud 
brought  into  it ;  for  the  tide  flows  inland  obe  hundred  and  ten  miles, 
and  often  inundates  the  whole  country,  the  general  level  of  which  is 
not  more  than  two  feet  above  the  level  of  the  river :  indeed,  tbe 
deepest  part  of  the  great  gulf  of  Petchelee  does  not  exceed  twelve 
fathoms;  and  the  prodigious  number  of  sfrncjy  islands  just  appearing 
above  the  surface,  ave  said  to  have  been  formed  within  the  records  of 
history. — Barrots^t  Chxna^  p.  492.  From  the  aboVe  account,  there 
is  every  probability  that  this  Wide  gulf  will  soon  be  filled  up  by  allu- 
vial and  marine  depositions.  The  Gulf  of  Mexico,  according  to  Hum- 
boldt, is  gradually  filling  by  the  sand  brought  into  it  from  tbe  Caribbean 
Sea  on  ^e  south  side,  .and  from  the  vast  rivers,  the  Rio  del  Norte 
and  the  Mississippi. 

From  several  sources  of  information  referred  to  in  the  "  Asiatic 
Researches,"  and  from  the  best  Accounts  of  the  Portuguese,  who 
first  visited  India,  there  is  much  reason  to  believe,  that  the  whole 
country  of  Malabar,  between  the  Gaut  Mountains  and  tbe  sea,  has 
become  dry  land  ai  no  very  remote  period.  Numerous  traditions 
refer  to  it.  There  is  an  aiicient  book  called  '^  Kerul  Oofpiette,"  or  the 
emerging  of  the  country  of  Kerul,  or  Malabar.  The  book  was 
oranstated  by  Jonathan  Duncan,  Esq.  In  this  account,  tbe  forma- 
tion of  tbe  land  is  ascribed  to  supernatural  agency ;  but  it  contains 
many  statements  that  appear  highly  probable.  It  was  sqon  inhabited, 
on  account  of  the  fertility  of  the  ground';  but  the  inhabitants  were, 
at  first,  driven  away  by  the  multitude  of  serpents,  which  abounded 
in  the  mud  and.  slime  of  the  newly  emerged  country.  In  a  manu- 
script account  of  Malabar^  ascribed  to  the  Bishop  of  Virapli,  the 
seat  of  a  celebrated  Roman  Catholic  seminary,  the  writer  observes, 
.that,  by  the  accounts  of  the  learned  natives  of  that  coast,  it  is  little 
more  than  2300  ye^rs  since  the  sea  came  up  to  the  foot  of  the  Ju- 
kem  or  Gaut  Mountains ;  and  this  he  thinks  extremely  probable, 
from  tbe  nature  of  the  soil,  and  the  quantity  of  sand,  oyster  shells, 
and  other  fragments,  met  with  on  making  excavations.  It  is  not  un- 
reasonable to  believe  that  the  whole  coast  was  elevated  by  subterra- 
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nean  agency ;  for  so  recently  as  1805,  the  bed  of  patt  of  the  lea 
and  of  the  Itidus,  was  permanendy  changed  by  an  etrdiquake,  near 
Cutch,  on  the  coast  of  Bombay. 

The  increase  of  land  at  the  mouth  of  the  Nile,  and  of  many  Eu- 
ropean  rivers,  is  well  known*  Adria,  which  was  onca  a  port  of  tbe 
Adriatic  Sea  (to  which  it  gave  its  name),  is  now  six  leagues  inland. 
In  Jakes,  the  dinainutiOn  of  th.e  surface,  by  the  gradual  iocreasQof 
land  at  the  mouths  of  rivers  which  flow  into  tbem,  is  s^ll  more  r^ 
markable.  The  mud  and  debris  brought  into  the  lake  of  Geoeva  bj 
the  Rhone,  and  deposited  near  its  entrance,  have  made  the  bod  ad- 
vance two  miles  in  the  space  of  1700  years, — ^the  Roman  harbour 
Portus  Yalesis  being  now  that  distance  irom  the  lake.  All  the  lakes 
in  Savoy  and  Switzerland,  and  in  our  own  island,  are  gradually  di- 
minishing, by  simifar  causes!  To  multiply  instiances  of  this  kind 
would  be  irtcqmpafible  with  the  limits  of  the  preseat  volume ;  eveiy 
attentive  observer  roust  have  noticed,  them  in  the  course  of  bis  travels. 

All  the  most  fertile  parts,  of  the  globe  were  formed  by  alluvial  de- 
positions: alluvial  agency  appears  to  have  been  tbe  means  employed, 
in  the  economy  of  nature,  to  prepare  the  world  for  the  residence  of 
social  and  civilized  man.  The  most  ancient  .cities  of  wUcb  we 
have  any >auihemic  record,  Babylop,  Nineveli,  and  Thebes,  wero 
founded  in  (he  midst  of  alluvial  soils,  deposited  by  the  Euphrates, 
the  Tigris,  and  the  Nile;  indeed,  it  does  not  appear  unreasonableto 
believe,  that  the  fprmatiop  of  soils  for  the  support  of  vegetables  and 
animals,  is  fhe  final  end  to  which  all  terrestrial  changes  ultimatelj 
refer* 

.  {t  has  been  justly  observed  by  Dr.  Paley  and  others  that  Id  tie 
peculiat  conformation  of  the  teeth  in  graminivorous  animals,  and  in 
the  production  of  grasses  which  serve  them  for  food,  we  may  trace 
evident  marks  of  relation,  and  of  a  designing  intelligent  cause. 
With  equal  reason  must  we  admit,  that  the  destruction  of  mountains, 
and  tbe  formation. of  soils  for  the  support  of  the  vegetable  u*ibes,  are 
provided  for  by  the  same  cause,  and  are  part  of  a  regular  series  ct 
operations  in  the  economy  of  nature.  Hence  also  we  may  iaSBff 
that  those  grand  revolutions  of  the  globe,  by  which  new  mouctaiosor 
continents  are  elevated  from  the  deep,  are  parts  of  the  same  series^ 
extending  through  ages  of  .indefinite  duration,  and  codnecting  alltbfi 
successive  phenomena  of  the  material  universe. 

By  a  wise  provision  of  the  Author  of  nature,  it  is  ordained,  tbat 
those  rocks  which  decompose  rapidly,  are  those  whiph  form  tbe  most 
fertile  soils;  for  the  quali^  of  soils,  depends  on  the  nature  of  tbe 
rocks  from  which  they  were  formed.  Granitic  and  siliceous  rocb. 
form  barren  and  sandy  soils;  argillaceous  rocks  form  stiff  clay;  and 
calcareous  rocks,  when  mixed  with  clays,  fortn  marl ;  but  when  not 
covered  by  other  strata,  they  support  a  short,  but  iiuuitious  veg- 
etation. For  tbe  formation  of  productive  soils,  an  intermixture  m 
the  three  earths^-^clay,  sand,  and  lime-^is  absolutely  necessary* 
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Tbe  •oxide  of  iroii  appears  abo  to  be  a  requisite  iDgredtent.  Tlie 
proportioB  oecessary  tor  the  formation  of  good  soil,  depends  mticfa 
on  the  nature  of  the  cliinate,  but  more  od  the  quality  of  the  sub^soil, 
and  its  power  of  retainiog  or  absorbing  moisture.  This  ajone  may 
make  a  soil  barren,  which  upon  a  different  sub-soil  would  be  exeeM* 
ingiy  productive.  When  this  is  the  case,  drainage  or  irrigation  offers 
the  only  means  of  permanent  improvement. 

Diflkrent  vegetables  also  require  different  admixtures  of  earth. 
They  require  it,  first,  becapse  it  is.  necessary  to  their  growth  that  the 
soil  should  be  sufficiently  stiff  and  deep  to  keep  them  firm  in  their 
place ;  and  also  that  it  should  not  be  too.  stiff  to  permit  the  expan- 
sion and  growth  of  their  roots :  and,  lastly,  that  k  should  supply 
them  with  a  constant  quantity  of  water,  neither  too  abundant  nor 
deficient.  Hence -we  may  learn  why  difierent  degrees  of  tenacity, 
depth,  and  power  of  retainrog  or  absorbiijg  moisture,  are  required  in 
soils  for  dii&rent  kinds  of  plants.  Thus,  in  uncultivated  countries, 
we  find  that  certain  vegetables,  afilect  particular  situations  in  which 
ibey  floarish  spontaneously  and  exclusively ;  and  it  is  only  by  imita^ 
ting  nature,  and  profiting  by  the  instruction  ^he  affi>rds,  that  we  can 
hope  to  obtam  advantageous  results,  or  acquire  certain  fixed  princi* 
]des,*to  guide  us  in  our  attempts  to  bring  barren  lands  into  a  state  of 
profitable  cbltivation.  When  rocks  contain,  in  tbcSr  composition,,  a 
due  proportion  of  silex,  clay,  and  lime,  they  furnish  'soils  whose  fer-. 
tiKty  may  be  said  to  be  permanent,  The  most  fertile  -districts  in 
England  were  made  so  by  nature ;  their  original  fertility  was  inde* 
pendent.of  human  operation.       .  ^ ,  - 

.  Some  small  portion  of  the  earths  and  alkalies  is  ioi^nd  by  chem« 
•cal  analysis  in  plants :  J)ut  it  wdbld  be  contrary  to  fact  and  analogy, 
to  suppose  that  the  eHrths,  in  a  concrete  state,  form  any  part  of  the 
food  of  [iJants :  the 'earths  and  alkalies  which  they  contain,  are  in  all 
probability  fonqed  'by  the  process  of  vegetation,  from  more  simple 
elements ;  for  it  is  now  ascertained,  that  the  eiurths  and  alkalies  are 
compound  substances. 

Tbe  principal  elements  found  in  plants  are  hydrogen,  carbon,  and 
oxygen;  and  by  experiments  of  Gay-Lussac  and  Thenard,*  it  ap- 
pears, that' the  hydrogen  and  oxygen  in  starch,  gum,  vegetable  oils, 
and  suga^,  exist  in  prepiseiy  the  same  proportions  that  lorm  water. 
Carbon,  the  other  principal  elementary  substance  found  in  plaqts, 
exists  both  in  water  and  in  the  atmosphere.  Water 'and  the'atmos* 
phere  contain  in  themselves,  or  in  solution,  all  the  elements  necessary 
for  tbe  ^ppprt  and  growth  of  vegetables.  But,  most  soib  are  either 
too  wet  or  too  dry,  too  loose  or  too  adhesive,  to  admit  plants  to  ex- 
tract these  elements,  in  the  proportions  necessar/  for  their  growth. 
Manures,  by  furnishing  in  great  abundance  the  hydrogen,  carbon,  or 
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azote,  which  they  may  require,  supply  this  deficiency.  la  propor- 
ttOQ  as  soils  possess  a  due  degree  of  tenacity,  and  power  of  Fetaining 
or  absorbing  h6at  and.  moisture,  the  necessity  for  a  supply  of  manure 
is  diminished ;  and,  in  some  instances,  the  earths  are  so  fonunately 
cdhibined,  as,  to  render  all  supply  of  artificial  manure  unnecessary. 
He  who  possesses  on  his  estate  the  three  earths, — clay,  sand,  and 
lime,— of  a  good  quality,  with  facilities  for  drainage  or  irrigation,  has 
all  the  materials  for  pernianent  improvement ;  the  grand  desiderata 
in  agriculture  being  to  render  wet  lands  dry,  to  supply  dry  lands  with 
sufficient  moisture,  to  make  adhesive  soils  loose,  and  loose  soils  suffi- 
cieqtly  adhesive. 

The  intermixture  of  soils,  where  one  kind  of  earth  is  either  redun- 
dant or  deficient,  is  practised  in  some  countries  with  great  advantage. 
Part  of  Lancashire  is  situated  on  the  red  sandstone  described  in  die 
sixth  chilpter.  This  rock,  being  composed  principally  of  siliceous 
earth  and  the  oxide  of  iron,  forms  of  itself  vbry  unproductive  land : 
but,  fortunately,  in  many  situations,  it  contains,  near  the  surface,  de- 
tached beds  of  calcareous  marl.  By  an  intermixture  of  this  marl 
with  the  soil,  it  is  converted  into  fertile  land,  and  the  necessity  for 
manure  is  superseded.  The  efiect  bf  a  good  marl  applied  liberally 
to  this  land,  lasts  for  more  than  twenty  years.  -In  some  lands,  a  mix- 
ture, of  light  marl  which  contains  scarcely  a  trace  of  calcareous  earth, 
is  found  of  great.service.  The  good  efieet  of  this  appears  to  depend 
on  its  giving  to  the  sandy  soil  i^  sufficient  degree  of  tenacity.  *  The 
sterile,  and  gravelly  soils  in  Wiltshlre^^  have  been  recently  rendered 
productive,  by  mixing  them  with  chalk ;  the  most  liberal  application 
of  manure  ha/ing  been  found  ineffective,  or  injurious.  In  stiff  clay 
soils,  where  lime  is  at  a  greiat  distance,  the  land  might,  frequently^  be 
improved  by  i^i  intermixture  with  silicet>us  saqd.  ''A  proper  knowl- 
edge of  the  quality  of  the  sub-soil,  and  the  position  of  the  sub-strate, 
is  necessary  to  ascertain  the' capability  of  improvement'  lyhich  land 
may  jpossess,  It  may  frequently  happen,  that  %  valuable  stratum  of 
marl  or  stone,  which  lies  at  a  great  depth  in  one  situation,  may  rise 
near  the  surface  in  an  adjoining  part  of  the  estate,  and  might  be 
procured  with  little  e!xpense. 

Lime  is  the  only  earth  which  has  been  generally  used  to  intermix 
with  soils,  and  has  been  considered  as  a  manure ;  but  its  operation, 
as  such,  is  very  imperfectly  understood.  Burnt  lime,  when  caustic, 
destroys  undecomposed  vegetable  matter,  and  reduces  it  to  mould,— ^ 
so  far  its  use  |s  intelligible.  It  ccMnl^ines,  also,  with  vegetable  or  min- 
eral acids  in  the  soil,  which  might  be  injurious  to  vegetation, — here 
its  operation  is  likewise  intelligible :  but  if  we  assert,  that  when  burnt 
lime  has  absorbed  carbonic  acid  and  become  mild,  it  gives  out  its 
carbon  again  to  the  roots  of  pkntsj  we  assume  a  fact,  which  we  have 
neither  experiments  nor  analogies  to  support.  The  utility  of  lime 
in  decomposing  vegetable  matter  and  neutralizing  acids  is  obvious : 
but  its  other  uses  are  not  so  evident ;  except  we  admit  that  it  acts 
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mechanically  on  the  sol),  and  renders  the  clay  or  sand  with  which  it 
is  btermixedy  better  suited  to  the  proper  expansion  of  the  roots,  and 
more  disposed  to  modify  the  power  of  retaining  or  absorbing  the  re- 
quisite degree  of  heat  and  moisture,  which  particular  vegetables  may 
demand. 

Where  earths  are  properly  intermixed,  instances  are  known  of  hnd 
producing  a  succession  of  good  crops  for  many  years,  without  fallow- 
ing or  manure.  On  the  summit*  of  Breedon  Hill,  in  Leicestershire, 
I  have  seen  a  luxuriant  crop  of  barley  growing  on  land,  that  had 
borne  a  succession  of  twenty  preceding*  crops  without  manuring. 
This  is  more  deserving  notice,  being  in  an  exposed  and  elevated 
situation,  and  upon  the  very  hill  of  magnesianlimestone,  which  has 
been  so  frequently  referred  to  by  chemical  writers,  as  pecoliarly  un- 
favourable to  vegetation.  The  limestone  of  this  hill  contains  above 
120  per  cent,  of  magnesia.* 

The  temperature  requisite  for  the  growtn  of  plants  is  influenced 
by  the  power  of  different  soils  to  absorb  and  retain  iieat  from  the 
solar  rays,  which  depends  nduch  on  th^h"  moisture  and  tenacity. 
'^It  is  a  welllcnown  fact,  that  the  vegetation  of  perenniargrassos  in 
the  spring,  is  at  least  a  fortnight  sooner,  on  limestone  and  sandy  soils, 
if  not  extremely  barren,  than  on  clayey  or  even  in*  deep  rich  soils : 
it  is  equally  true,  but  perhaps  not  so  well  known,  that  the  difference 
is  more  than  reversed  in  the  autumn." — ObservatiorU  en  MildeWf  by 
J.  Egremofit^  Esq.  This  efiect  Mr.  E.  asctibes,  with  much  proba- 
bility, to  the  rich  or  clayey  soils  absorbing,  heat  slowly,  and  parting 
with  it  again,  more  reluct^stntly  than  the  calcareous  soils,  owing  to  the 
greater  quant'uy  df  moisture  in  the  clay,  which  is  an  imperfect'con- 
ductor  01  heat. 

Calcareous  soils  might  frequently  bemuth  improved  by  a  mixture 
of  clay,-  sand,  or  gravel,  which,  in  many  situations,  is  practicable  with 
litiie  expense,  and  would  well  reward  the  labour  of  the  etperiroenlfri 
agriculturist. 

Cateareaus  Tufa. — Beside  the  new  land  formed  by  aHuvial  depo- 
sitions, beds  of  calcareous  tufa  are  sometimes  formed  in  valleys,  and 
at  the  bpttom  of  lakes,  by  a  process  which  ,  bears  some  analogy  to 
chemical  formations.  Springs  that  issue  from  limestone  strata,  and 
therefore  contain  carbonic  acid,  often  hold  particles  of  carbonate  of 
lime  chemically  dissolved  in  the  water ;  but,  on  exposure  to  air  and 
light,  the  carbonic  acid,  having  but  a  slight  affinity  for  the  particles  of 
limestone,  evaporates,  and  leaves  them  to  precipitate  and  form  cal- 
caredus  incrustations :  these,  in  a  course  oi  years,  form  thick  beds, 
and  are,  sometimes,  sufficiently  hard  to  be  used  for  building-stpne. 


*  The  inagne$iaii  lime  acts,  mojre  powerfully,  in  destroying  undecoinposBd  ve- 
getable matter  than  common  lime,  and  its  effects  on  land  are  more  durable :  hence 
It  is  in  reality  of  greater  value  in  agriculture,  as  a  much  smaller  quantitjr  will  an- 
swer the  same  purpose. 


S26  rRE8H'-WATfi&  E.AUS.-*PEAT. 

Tbe  {lock  Mill,  pear  Stroudi  in  Gloueestersbim,  is  b«H  of  ibis  ^one. 
In  almost  all  Kmestpne  countries,  there  are  instaoceB  of  ^aloareous 
iqerustatioDS  formed  ia  springS)  which  have  received  die  naaie  of 
petrifying  wells. 

Thermal  waters,  that  contain  calcareous  eardi  in  solution,  d^iosat 
beds  of  tufa,  very  I'apldly..  Nearly  the  whole  bottom  of  tbe  valley 
at  Matlock  Baths,  in  Derbyshire,  is  filled  with  calcareous  tub,  form- 
iog  a  bed  not  less  than  fifty  feet  ib  thickness,  and  half  a  mile  id 
lefigtb. .  It  contains  fragments  of  moss,  and  some  land  shells.  Tbe 
liorns  of  a  stag  were  iound  in  excavating  this  tufa:;  it  is  deposited  by 
tbe  thermal  springs,  that,  erery  where,  gush  out  from  tbe  hill  behind 
the  baths.  Except  the  depositions  from  thermal  waters,  beds  of  cal- 
careous tufa,  of  any  considerable  magnitude,  are  seklom  formed  oe 
l^nd,  but  thermal  waters  have  probably  been  important  ageots,  in  tbe 
formation  of  mapy  of  the  secondary  strata  at  the  bottom  of  the  ocean. 
(See  Chap.  XV.)         '  . 

Mr.  Lyell,  in  the  first  volume  of  his  "Principles  of  Geolc^,**  has 
described  tnany  depositions  of  calcareous  tufa  in  tbe  volcanic  districts 
t>f  France  and  Ital^. 

There  are  depositions  df  fresb-water  limestone  sk>wly  foriping  in  some 
of  our  present  lakes.  Mr.  Lyell,  id  tbe  "  Geological  Transactions,'' 
1826,  describes  a.small  lake  about  nine  miles  west  of  Forfar,  in  Soot- 
land.  It  onoe  extended  over  tjvo  hundred  acres,  but  is  now  reduced 
to  a  peat  moss,  or  swampy  hollow  in  diluvium.  Tbe  bed  of  the  lake 
has  been,,  in  a  great  part,,  excavated  for  marl ;  it  contains  di&rem 
strata,  of  vanable  thickness.  The  upper  covering  is  peat,  one  or 
two  feet  .thick,  under  which  is  shell  or  rock  marl,  varying  from  one 
to  sixteen  feet ;  quick-sand  two  feet,  and  lower  shell  marl,  of  a  good 
quality,  from  one  to  two  feet*  thick,  resting  ob  a  bed  of  findssod,  of  . 
variable  thickness.  The  rock  marl  consists  wholly  oft  carbonate  of 
lime ;  it  is  hard  and  compact,  and  in  some  parts  crystalline*  Tbe 
lower  shell  marl  rarely  contains  any  distinguishable  quantity  of  shelly 
matter.  In  the  rock  marl  are  found  shells  of.  Helices,  the-  Turbo 
fontinalis,  and  the  Patella  lacqstris. 

There  are  remains  of  land  quadrupeds  in  the  shell  marl,  but  not 
in  tbe  rock  mari.  The  rock  mari,  (it  appears  from  Mr.  Lyell's  de^ 
scription,)  nearly  resembles  the  upper  fresb- water  limestone  in  the 
Paris  i>asin,  and,  like  it,  is  traversed  by  tubular  cavities.  Some  part 
of  the  rock  mari  is,  however)  stated  to  be  a  tufa^eoiis  limestone. 
This  recent  formation  of  fr^h-water  limestone^  is,  in  so  many  res- 
pects, analogous  to  the  roost  recent  formation  of  fresh-water  strata  of 
the  ancient  world,  that  all  the  particular  circumstttoces  described  by 
Mr.  Lyell,  deserve  the  careful  attention  of  the  geologist. 

Peat  is  a  substance  which  has  been  classed  with  alluvial  soils, 
though  it  is  obvk>usly  a  vegetable  pitx)uCdon«  Peat  formerly  cover- 
ed extensive  tracts  in  England,  but  is  disappearing  before  the  genius 
of  agricultural  improvement,  which  has  no  where  produced  more 
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importaot  ^^Cls,  than  io  tbe  cooversion  of  the  blaek  and  barren  peat 
moors  of  tbe  northern  counties,  into  valuable  land  coy/ered  with  lox«- 
uriant  herbage,  and  depastured  by  numerous  flocks.  The  following 
description  of  the  peat  moors  io  Scotland,  by  Mr.  Jameson,  Is  an  ac* 
curate  picture  of  the  remaining  peat  moors  in  the  mountainous  parts 
of  Yorkshire,  and  the  adjoining  counties  :•*-. 

"  In  describing  the  general  appearance  of  a  peat  moor,  ^6  may 
conceive  an  almost  entire  flat  of  several  miles  extent,  of  a  brown  col* 
our,  here  and  there  marked  with  tufts  of  heather,  which  have  taken 
rooty  owing  to  the  more  complete  decompositioa  of  the  surfaoe  peat ; 
no  tree  or  shrub  is  to  be  seen  ;  not  a  spot  of  grass  to  relieve  the  eye, 
io  wandering  over  this  dreary  scene.    A  nearer  examination  discoV* 
eis  a  wet  spongy  surface,  passable  only  in  'the  driest  .seasons,' dr 
when  all  nature  is  locked  in  frost.    The  surface  is  frequently  cover* 
ed  with  a  slimy  black-coloured  substance,  which  is  thfe  peat  earth  so 
mixed  with  water,  as'  to  render  the  moor  only  passable,  by  leaping 
from  one  tuft  of  heather  to  another.    Sometimes,  however,  the  sur- 
face* of  peat  mosses,  has  a  (hfferent  aspect,  owing  to  the  greater 
abundance  of  heath  and  other  Vegetables,  as  tbe.schoeni,  scirpi,  erio* 
phora,  &c. :  but  this  is  principally  the*  case  with  some  kinds  of  what 
are  called  muirlands,  which  contain  but  little  peat,  being  nearly  com- 
posed of  the  interwoven  roots  of  living  vegetables.    Quicls  moss  (as 
it  is  called)  is  a  substance  of  a  .more  or  less  brown  colour,  forms  a 
kneadabla  compound,  and 'when  good,  ciKs  freely  and  clean  with  the 
spade;  but  wh^n  it  resists  the  spade  by  a  degree  of  elasticity,  it  is 
found  to  be  l^ss  compact  when  dried,  and  is  of  an  inferior  qdality. 
The  best  kinds  bum  with  a  clear  bright  flame,  leaving  light-cobured 
ashes ;  but  the  tnore  indifferent  kinds,  in  burning,  ofteq  emit  a  disa- 
greeable smeH,  and  leave  a  he9vy,  red-coloured  kind  of  ashes.,    In 
digging  the  peat,  we  observe  that  when  first  taken  from  the  pit  ifal* 
most  immediftteiy  changes  its  colour,  which  becomes'  more  or  less  a 
deep  brown  or  black,  and  the  peat  matterbecolnes  much  altered,  be- 
ing incapable  of  forming  a  kneadable  paste  with  water.     When  drv 
and  reduced  to  powder,  as  it  is  often  by  the  action  of  the  weather,  it 
forms  a  blackish  coloured  powdery  matter,  capable  of  supporting 
vegetation^  when  calcareous  earth  is  added/ 

"  Peat  is  found  i^  various  situations,  often  in  valleys  or  plains, 
where  it  forms  very  extensive^  de^p  beds,  from  three  to  forty  feet 
deep,  as  those  in  Aberdeenshire  :  it  also  occurs  tjpon  the  sides  of 
mountains,  but  «ven  there  it  is  generally  in  a  horizontal  situation. 
The  tops  of  mountains,  upwards  of  two  thousand  feet  high,  in  the 
Highlands  of  Scotland,  are  covered  with  peat  of  an  excellent  kind.  . 
"  It  is  also  found  in  situations  nearly  upon  a  level  with  the  sea : 
th4is,  the  great  moss  of  Cree  in  Galloway,  lies  close  upon  the  sea, 
OQ  a  bed  of  clay,  little  higher  than  the  flood  ibarks  at  spring  tidiQS."* 

"         '  III,  ■  ■  .11  ...  ■        .  ■■■■_.*■■■■  .        .  .  ■         «i  n  I 

•  ^am«son*s  Mineralogy- of  the  Shetland  Yslands. 
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'  lo  the  first  Volume  of  Dr.  Macculloch's  valuable  ^*  Ifistory  of  the 
Western  Islands  of  Scotland,"  he  has  given  a  luminous  descripdon 
of  the  formation  of  peat,  which  completes'  the  natural  history  of  peat 
moss.  Beside  the  Sphagnum  palustre,  he  has  enumerated  nearly 
forty  plants  which  concur  to  the  generation  of  peat. 

The  process  by  whicji  these  vegetables  are  converted  into  peat,  is 
most  clearly  seen  in  the  sphagnum.  As  the  lower  extremity  of  the 
plant  dies,  the  upper  sends  forth  fresh  roots  like  most  of  the  oaosses, 
the  individual  tlius  bebbraing  in  a  manner  immortal,  and  supplying  a 
perpetual  fun.d  of  decomposing  vegetable  matter.  A  similar  process, 
though  l^ss  distinct,  takos  place  in  many  of  the  rushes  and  grasses, 
the  ancient  rpots  dying  together  with  the  outer  leaves,  while  an  an- 
liual  renovation  of  both,  perpetuates  the  existence  of  the  plant.  The 
growth  of  peat,  necessarily  keeps  pace  with  that  of  the  vegetables 
from  which'  it  is  formed  ;  hence  the  necessity*  of  replacing  the  living 
turf  on  the  bog  where  peat  has  been  cut,<— ra  condition  now  required 
in  all  leases,  in  which  liberty  to  cut  turf  is  included.  On  the  con- 
version of  vegetaUe  mattei:  into  peat,  Dr.  Macculloch  observes : — 
"  Where  the  living  plant  is  still  in  contact  with  peat,  the  roots  of  the 
rushes,  and  ligneous  vegetables,  are  found  vacillating  between  fife 
and  death,  in  a  spopgy  half  decomposed  mass;  Lower  down,  the 
pulverized  carbonaceous  matter  is  seen  mixed  with  similar  fibres, 
still  resisting  decomposition.  These  gradually  disappear,  and  at 
length  a  finely  powdered  substance  alone  is  fpund,  the  process  being 
completed  by  thQ  total  destruction  of  all  the  organized  bodies.'' — ^P. 
130.  The  best  peat  is  diat  of  which  the  decomposition- is  most  com- 
plete,' and  the  specific  gravity,  and  compactness  the  greatest.  The 
qujility  of  peat.  Dr..  Macculloch  observes,  is  much  afiected  by  the 
wetness  or  dryness  of  the  soil,  and  the  elevation  or  other  causes, 
which  influence  the  temperature  and  moisture  of  the  atmosphere. 

For  a  description  oCthe  chemical*  changes  produced  in  peat  by 
water  and  fire^  I  knust  refer  to  the  first  volume  of  Dr.  MaepuUoch's 
work  before  quoted,  p.  ISli  It  is  only  in  the  first  stages  of  decom- 
position^  that  peat  is  Soluble,  and  communicates  a  dark  coloor  to 
water.'  .  ' 

The  rapid  formation  of  peat  in  many  situations,  where  it  is  found 
covering  ground  that  was  formerly  pastured,  adqoits  of  an  easy  ex- 
planation, since  Dr.  Macculloch  has  so  clearly  described  the  mode  in 
which  this  substance  is  generated. 

The  property  possessed  by  peat  of  preserving  animal'  matter  from 
putrefaction  is  well  deserving  notice.  It  is  probably  owing  to  this, 
that  son>e  of  the  fleshy  parts  of  the  mastodon  have  been  so  long  pre- 
served in  peat  bogs. 

,  In  the  FkUosofhical  JVansactionSj  1734,  th^re  is^a  letter  from  Dr. 
Balgoy,  giving  an  accbunt  of  the  preservation  of  twd  human  bodies 
in  peat  for  fiUy-nine  years.  '^On  January  14, 1675,  a  farmer  and 
his  maid-i^ervant  were  crossling  the  peat  moors  above  Hope,  near 
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CasdeUHiy  in  Derbyshire ;  diejr  were  overtaken  by  a  great  fall  of 
SDOW,  and  both  perished  :  their  bodies  were  not  found  till  the  3d  of 
May,  in  the  same  year;  and  being  then  offensive,  the  coroner  order* 
ed  them  to  be  buried  on  the  Wfoi  in  the  peat.  .  lliey  lay  undistorb* 
ed  twenty-eight  years  and  nine  months,  when  the  curiosity  of  some 
coQQtnrmen  induced  them  to  open  their  graves.  The  bodies  ap* 
peared  quite  fresh,  the  skin  was  fair  and  of  its  natural  colour,  'and 
the  flesh  as  soft  as  that  of  persons  newly  dead.  They  were  after* 
wards  frequently  exposed  as  curiosities  untilin the  year  1716,  when 
th^  were  buried  by  order  of  the  roan's  descendants.  At  that  time 
Dr.  Bourne,  of  Chesterfield,  who  examined  the  bodies,  says  the  man 
was  perfect,  his  beard  was  strong,  the  hair  of  his  head  was  sbort| 
and  his  skin  hard  and  of  a  tanned  leather  colour,  like  the  liquor  he 
was  lying  in.  The  body  of  the  woman  wa^  more  injured,  having 
been  more  frequently  exposed ;  the  hair  was  like  that  oi  a  living  per* 
800.  Mr.  Wormwald,  the  minister  of  Hope,  was  present  when  they 
were  removed  :  the  roan's  legs,  which  had  never  before  been  uncov- 
ered, were  quite  fair 'when  the  stockings  were  drawn  ofi^  and  the 
joints  played  freely  without  the  least  stiffness." 

In  the  beginnbg  of  the  last  century,  the  perfect  body  of  a  man,  in 
the  ancient  Saxon  costume,  was  discovered  in.peat,  at  Hatfield  Chase, 
b  Yorkshire :  it  soon  perished  on  exposure  to  the  air. 

Extensive  tracts  of  cultivated  ground  are  sometimes  converted  into 
sandy  desevts,  by  the  drifting  ol  sea-sand  inland.  The  process  by 
wfaicJi  this  is  effected,  is  taking  place,  at  present,  in  many  situations. 
During  very  high  winds,  the  sand  is  driven  from  th6  sea-shore  to  a 
certain  distance,  leaving  an  elevated  ridge  at  the  further  boundary  of 
the  drift. '  Succeeding  winds  blow  the  sand  forward,  and  at  the  same 
time  bring  fresh  sand  froni  the  shore'  to  supply  its  place.  In  the 
sixth  volume  of  the  JVansactions  of  the  Irish  Academy^  an  account 
is  given  of  the  encroachment  of  the  sand,  over  som^  parts  of  Ireland. 
Trees,  houses,  and  even  villages,  have  been  surrounded  or  covered 
with  sand,  during  the  last  cen^ury^  In  the  vicinity  of  sandy  deserts, 
the  sand  is  also  encroaching  on  the  habitable  land.  The  loose  sands 
of  Libya  are  thus-  spreading  over  the  valley  that  borders  the  Nile, 
and  burying  the  monuments  of  art  and  the  vestiges  of  former  cultiva- 
tion. From  a  similar  cause,  the  country  immediately  round  Palmy- 
ra, that  once  supplied  a  crowded  population  with  food,  now  scarcely 
aflbrds  a  few  withered  plants,  to  the  camel  of  the  wandering  Arab. 

A  sandy  inundauon  on  the  north  coast  of  Cornwall,  was  mention- 
ed Chap.  I.  p.  14.  This  sand,  which  is  composed  of  fragments  of 
shells  and  coral,  is  in  some  parts  cemented  into  sandstone,  by  water 
infiltrating  from  the  slate-rocks :  it  is  simila]r  in  appearance  to  the  re» 
cent  sandstone  of  Guadaloupe,  in  which  human  skeletons  have  been 
found :  the  latter  is  a  very  common  sandstone  in  the  West  Indies  ;  it 
mcreases  rapidly,  and  the  land  gained  from  the  sea,  which  forms 
some  of  the  plains  of  St.  Domingo,  is  composed  of  it.    A  concreted 
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calcareous  jaodstoae  extends  on  the  soutberD,  western,  and  Donll 
western  coast  of  Australasia,  for  three  tboiuand  miles.  Some  9f>eo< 
mens,  which  1  have  examined  wlih  a  leos,  Hppear  perfectly  smilw 
to  tbfl  recent  sandstone  from  Guadaloupe. 

Among  the  causes  in  present  activity,  which  are  changing  the  sor- 
face  of  the  globe,  the  labours  of  madrepores  must  not  be  unDOliced. 
These  minuta  polypi,  raise  up.  walls  and  reefs  of  coral  rock  with  as- 
tonishiag  rapidity  in  tropical  climates,  and  encircle  the  present  ii- 
bnda  with  belts  of  coral,  thus  enlarging  their  coasts.  A  coral  reef 
of  aeren  hundred  miles  in  length,  expends  from  the  north'west  of 
Australasia,  towards  new  tiuinea.  For  a  detailed  accouot  of  coral 
rocks  and  reefs,  I  must  refer  the  reader  to  the  ohservatioos  of  Dr. 
Forster,  and  the  voyages  of  Captain  Flinders,  and  of  Kotzebue,  and 
of  the  French  naturalists  MM.  Quoi  and  Gaimard,  but  more  panic- 
nlarly  to  tbe  observations  of  Captain  Beechy,  made  during  his  vof- 
age  to  the  Soutbem  PaciGc.  The  subject  of  coral  reefs  bas  heea 
before  referred  to  at  some  length.     See  Chap.  VI. 

Organic  Remaint  in  Diluvial  Bfdt.^Aa  the  remains  of  tbe  mu- 
todoD,  the  elephant,  the  rhinoceros,  and  hipp'opoumus  oqcur,  with 
the  bones  of  other  mammalia,  in  diluvial  beds,  this  circumstance 
proves  their  great  antiquity,  qnd  distinguishes  them  frwn  aHuvial  de- 
positions. Teeth  of  ±e  latter  animals  are  not  uncoDvmoo  in  Eogli^ 
diluvium,  end  (wo  teeth  of  tbe  mastodon  have  been  foondia  tbe  Nor- 
iblk  Crag. 

It  has  been  thought  desirable  to  give  drawbgs  of  the  teeib,  for  tbt 
uae  of  the  geological  student. 


-  The  first, represents  tlie  pointed  tooth  of  the  mastodon  ;  theotber 
the  flat  crowned '  tooth  of  the  elephant,  wliicb  is  sometimes  larger 
than  that  of  the  mastodon. 

The  following  cut  represents  the  molar  tooth  of  the  rhinoceros,  a, 
from  Kirkdale  cavern  ;  6  is  the  molar  tooth  of  the  hippopotamus, 
mucfa  worn,  from  the  same  locality. 
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The  fossil  elephant,  or  ronnnmoih,  is  ihe  most  remsrliqble  of  ihe 
vncient  herbivorous  quadrupefls,  both  from  its  vast  siz^  »id  the 
amazlDg  Dumber  of  bones  of  ibis  genus,  whith  are  found  io  llie 
iKtnbera  parts  of  Europe,  and  in'  America.  The  mammoth  must 
have  existed  in  herds  of  hundreds  and  thousands.  Recording  (o 
Pallas,  there  is  scarcely  A  river,  from  the  Don  or  the  Tapais,  to  the 
extremity  of  the  promontory  Tchuskoinosa,  fn  the  banks  of  which 
the  bones  of  the  mammoth  are  ndt  abundant.  There  are  two  large 
islaads  near  the  mouth  of  the  river  Indigerska,  which  are  said  to  ba 
CDlirely  composed  of  the  bones  of  the  mammoth,  intermixed  with 
ice  and  sand :  the  tusks  are  so  perfect,  that  they  are  dug  out  for  ivo- 
ry. With  the  bones  of  the  mammoth  are  intermixed  ibose  of  the 
dk,  the  rhinoceros,  and  other  large  quadrupeds.  Tlie  bodv  of  & 
fossil  elephant  has  been  found  entire,  nilh  the  flesh  preserved,  buried 
in  ice ;  it  had  a  mane  along  its  hack,  and  was  covered  with  coarse 
red  wool,  protected  by  bair  of  a  coarser  kind,  indicating  that  it  was 
u  inhaUtant  of  cold  or  temperate  climates  j  indeed,  the  circum- 
staace  of  the  body  being  preserved  in  ice,  ia  a  further  proof  of  this ; 
for  had  it  been  ccHiveyed  from  distant  regions,  the  flesh  must  have 
been  speedily  decomposed,  before  it  could  have  been  enveloped  in 
ice.  The  height  of  this  animal  was  from  GFteen  to  eighteen  feet. 
B(H>es  and  teeth  of  the  mammoth  al-e  not  infrequently  found  in  Eng- 
land  in  beds  of  dilut^al  gravel  and  clay,  and  in  caverns :  they  pre 
chiefly  found  in  low  situations,  such  as  the  vale  of  the  Thames,  and 
the  vale  of  the  Severn.  The  mammoth  bears  a  near  resemblance 
to  the  Indian  elephant,  but  Cuvier  regards  it  as  a  distincl  species. 

The  rhinoceros,  of  which  there  are  three  large  speci(rj,'aad'one 
smaller,  appears  to  have  lived  with  the  fossil  elephant :  their  bones 
are  found  together;  hut  it  is  in  Siberia  that  the  bones  of  the  rhinoce- 
ros are  most  numerous,  and  best  preserved.  In  the  year  1.771,  the 
entire  body  of  one  of  these  animals,  was  found  in  the  frozen, sands 
of  that  country. 

Bones  and  teeth  of  the  hippopotamus,  are  found  both  In  England, 
France,  Germany  and  Italy :  there  are  two  species,  the  largest  resem- 
bles the  African  hippopotamus,  the  smaller  is  of  the  size  of  the  wild 
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boar.  Bones  and  teeth  of  the  large  animal,  called  the  mastodon, 
are  found  both  in  Europe  and  America.  The  great  mastodon  bad 
pointed  grinders ;  it  was  a  native  of  North  America,  and  equalled 
in  size  the  elephant,  which  b  many  particulars,  it  resembled^  En* 
tire  skeletons  of  the  mastodon  have  been  found  in  salt  .marshes ;  but 
what  is  more  extraordinary,  parts  of  the  flesh  and  the  storoacb  baye 
been  found  with  them.  Among  the  vegetable  substances  in  the 
stomach,  were  distinguished  the  remains  of  some  plants  kpown  in 
Virginia.  The  Indians  bejieve  that  this  animal  is  still  living  north  of 
the  Missouri,  and  the  above  circumstances  render  it  probable,  that 
tbis  species  of  mastodon  has  not  been  long  extinct.  Bones  of  other 
species  of  the  mastodon  are  found  in  Europe  and  South  America; 
these  are  probably  mor^  ancient.  Teeth  of  a  gigantic  species  of  ta- 
pir, equal  in  size  to  the  rhinoceros  have  been  found  in  France  and 
Germany  :*  the  bones  of  horses  are  also  found  in  great  abundance, 
with  the  bones  of  the  above  mentioned  animals.  JBones  and  boras 
of  the  elk,  the  sta^  and  of  various  species  of  deer,  and  of  oxeD, 
some  of  which  closely  resemble  existing  species,  are  often  intermix- 
ed with  the  bones  of  elephants,  and  other  ancient  animals^  ^^Ith 
these  animal. remains,  are  also  found  ilie  bones  of  carnivorous  ani- 
mals, of  the  size  of  the  lion,  the  tiger  and  the  hyena;  the  hopes  of 
bears  are  numerous  particularly  in  caverns. 

.The  number  of  bones  belonging  both  to  the  order  of  pjicfayder- 
mata,  and  of  ruminant,  and  carnivorous  quadrupeds,  is  so  great  la 
various  parts  of  Europe,  as  to  leave  no  doubt  that  the  animals  were 
inhabitants  of  northern  or  temperate  climates.  In  America  bare 
been  found  the  bones  of  two  laree  animals,  qT  extraordinary  form* 
The  megatherium  is  of  the  size  oi  ibe  rhinoceros ;  it  unites  part  of  the 
structure  of  the  armadillo  with  that  of  the  sloth ;  its  claws  are  of 
vast  length  and  size.  The  megalbn^ x  was  nearly  similar  in  form  but 
smaller.  ' 

Bones  of  the  camel  have  been  occasionally  found  in  sonue  parts  of 
Europe,  but  they  are  of  rare  occurrence.  For  a  knowledge  of  near- 
ly aU  the  above  species  of  fossil  mammiferous  quadrupeds,  we  are 
indebted  to  the  researches  of  Cuvier.  '*  Their  bones,"  he  obserT^s, 
*^  are  found  in  that  mass  of  earth,  sand  and  mud,  that  diluvium  which 
covers  our  large  plains,  Alls  our  caverns,  and  chokes  up  the  fissures 
in  many  of  o^ir  rocks.  They  incontestably  formed  the  population,  of 
the  continerits,  at  the  epoch  of  the  great  catastrophe  which  has  des- 
troyed their  races,  and  has  prepared  the  soil  on  which  the  aniinab 


♦  The  most  perfect  tooth  of  this  animal,  which  is  at  present  known,  was  found 
near  Orenoble;  the  enamel  is  as  fresh  as  that  of  a  recent  tooth.  This  tooth,  of 
which  there  are  models  in  the  principal  museums  in  Europe,  is  io  the  author's  col- 
lection :  it  was  purchased  bv  him.  at  the  sale  of  the  late  Af .  Faujas  St.  Fond,  to- 
gether with  the  tooth  of  a  South  American  mastodon,  found  in  the  yolcaooof  Im- 
babura  in' the  Cordilleras,  and  the  tooth  of  a  European  mestodoiii  found  with  tbal 
of  the  gigantic  tapir  near  Grenoble. 
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of  tbe  present  day  subsist.  Whatever  resemblance  certain  of  these 
specif  bear  to  those  of  existing  species,  tbe  general  mass  of  this 
population  had  a  different  character ;  the  greater  part  of  the  races 
wbicb  composed  it  have  been  utterly  destroyed*  Among  all  these 
matnnaiferoua  animals«  the  greater  number  of  which  have  their  con- 
geners living  at  the  present  day,  there  has  not  been  found  a  single 
bone  or  tooth  of  any  species  of  ape  or  monkey.  Nor  is  there  any 
trace  of  man :  all  the  human  bones  which  have  been  fouod,  along 
with  those  of  which  we  have  been  speaking,  'have  occurred  acciden* 
tally  ;^  and  their  number  besides  is  exceedingly  small«  which  assured- 
ly would  not  have  been  the  case,  if  men  had  been  tben  settled  in  the 
countries  which  these  animals  inhabited."^  When  Cuvier  published 
the  first  editiqn  of  his  Recherches  sur  les  OssemensfossUesj  he  too  hasti- 
ly concluded,  that  we  were  already  acquainted  with  all  the  existing 
species  of  large  land  quadrupeds ;  apd  he  hence  inferred,  that' it  was 
highly  improbable  that  any  of  the  species  of  unknown  quadrupeds, 
whose  bones  are  found  in  diluvial  soils,  should  be  still  living.  Since 
that  time  a  large  species  of  living  tapir  has  been  found. in  tlie  East  In- 
dies; and  other  discoveries  of  new  quadrupeds  have  been  made :  hence 
we  canooc  conclude  with  absolute  ceruunty,  that  all  the  species,  of 
unknown  fossil  quadrupeds  are  extinct,  though  it  seems  highly  prob- 
able that  tbe  greater  number  of  the  races  have  perished.  The  ani- 
mals whose  bones  are  found  in  peat  bogs  and  marshes,  such  as  the 
elk  in  Ireland,  and  the  great  mastodon  in  Kentucky,  may,  I  conceive 
be  referred  with  much  brobability  to  a  more  recent  epoch,  than  that 
in  which  the  diluvial  beos  were. deposited. 

Skeletons^  both  of  the  Irish  elk  and  the  great  American  mastodon, 
have  been  fouud  erect  in  peat  bogs  and  marshes,  which  proves  that 
the  surface  of  the  ground  has  undergone  litde  change  since  the  ani- 
mals perished ;  and  the  further  circumstance  of  the  flesh  and  stom- 
ach of  the  mastodon  being  found  near  the  surface,  not  protected, 
like  the  bodies  of  the  elephant  and  rhinoceros-  found  in  Siberia,  by 
ice,  seems  opposed  to  the  general  befief  in  the  high  antiquity  of  these 
animal  remains ;  and  it  is  admitted  by  Cuvier,  that  they  are  in  bet- 
ter preservadon  than  any  other  fossil  bones.  The  quadrupeds  whose 
bones  are  buried  in  beds  of  clay,  sand  or  gravel,  or  accumulated  in 
caverns,  undoubtedly  lived  in  a  very  remote  period,  and  under  a 
different  condition  of  our  planet  to  the  present  one.  The  northern 
parts  of  Europe  seem  now  incapable  of  supporting  the  immense 
number  of  elephants,  which  have  formerly  spread  over  all  the  val- 
leys bordering  the  Frozen  Ocean.  Were  we  to  admit  that  the  tem- 
perature of  the  earth  was  then  higher  than  at  present,  which  the  re- 
mains of  palms  and  other  tropical  plants  found  in  the  northern  lati- 


*  For  aa  aecount  of  human  hones,  found  in  cavemi  mixed  wilh  the  bones  of 
extinct  species,  see  the  preceding  Chapter. 
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tudes  render  highly  probable,  this  would  not  Remove  the  difficiiltj; 
for  the  fact  that  entire  bodies  of  elephants  have  been  preserved  in  ice 
and  that  their  skids  were  covered  with  a  thick  coat  oi  wool  and  hair, 
proves  that  these  animals  were  constituted  for  living  in  cold  climates, 
and 'that  their  retnains  have  not  been  transported  to  any  great  dis- 
tance from  the  countries  which  they  inhabited.*  ^ 

The  remiiins  of  these  large  quadrupeds  occur  in  diflbrent  states 
of  preservatiodrf  In  the  frozen  regions  of  the  north  the  ivory  of  die 
tusks  is  perfect.  In  beds  of  clay,  the  bones  and  teeth  a^  frequently 
impregnated  with  mineral  matter }  but  in  gravel  they  are  geoeralljr 
10  a  loose  or  friable  state,  or  at  least  they  soon  become  so,  after  ex- 
posure to  the  air.  In  the  Phil,  Journal  of  Edinburgh^  January, 
1828,  an  account  is  given  of  numerous  bones  of  the  mastod<»,  rhi- 
noceros, and  other  animals,  having  been  found  on  the  surface  df  the 
ground,  near  Irrawady  River,  in  Ava.  These  bones,  though  ex- 
posed to  the  atmosphere,  are  stated  to  be  extremely  hard ;  they 
were  mixed  with  silicified  wood,  in  a  deposition  of  sand  or  gravel. 
With  the  remains  of  the  broad-toothed  mastodon,  were  also  found 
teeth  of  a  new  ;3peciesof  mastodon  of  enormpus  size,  wlucb  appean 
to  be  intermediate  in  form,  between  that  of  the  elephant  and  of  die 
mastodon :  it  has  h^oce  received  the  name  Matiodon  dephantoidei. 
Specimens  of  these  teeth  are  in  the  museum  of  the  Geological  So- 
ciety of  London.  ,        , 


*  A  friend  has  suggested,  that  the  Siberiaji  eluphantswere  probably  numtoiy, 
and  ]»s8ed  the  winter  months  in  more  temperate  latitudes.  It  this  weretSe  ease, 
individuals  that  from  lameness  or  disease  were  unable  to  traFel,  may  ba?e  been 
iocrusted  vith  ice  itamediately  after  death. 
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CHAPTER  XXU. 

ON  T0K   KLBYATION   or  MOUNTAINS  ANO    CONTINENTS* 

The  ElevmtioD  of  (he  Be(]s  of  Granite  and  Slate  in  Eneland  proved  by  the  Authdr, 
in  1823,  to  haVe  taken  place  at  a  much  earlier  Epoch,  than  the  Elevation  of  the 
Granite  of  Mont  Blanc. — The  Facts  on  which  this  conclasion  was  fooiidedr  de- 
scribed and  explained. — Application  of  similar  Conclusions  to  the  other  Moai^ 
tain  Ranges  by  M.  Elie  de  Beaumont^r-The  Elevation  of  Rocksi  of  Granite  and 
Slate,  proved  to  have  tak^n  place  by  a  distinct  Operation  from  that  which  Dp- 
heaved  Continents  from  the  Ocean,  and  at  a  different  Epoch. — Elevation  of  tn» 
Momtains  and  Table  Land  in  Central  Asia. — Depression  of  the  Surfacejrouad 
the  Caspian  Sea. — Instances  of  the  Elevation  and  Submergence  of  the  Earth.'s 
Sor&oe  in  various  Parts  of  the  Globe.    * 

That  grtfnite,  or  some  modiQcation  of  ginnite,  forms  the  founds-* 
tkm  rock  of  the  present  continents,  is  admitted  by  geologists.  It  is 
also  ascertained,  that  specimens  of  granite,  gneiss,  and  micarslate, 
(irom  the.  most  distant  parts  of  die  globe,  appear  to  be  identical.  It 
is,  therefore,  probable  that  die  crust  of  granite  which  environs  the 
globe,  was  all  formed  or  consolidated  at  the  same  epocji,  though  lo- 
cal protrusions  of  granite  have  taken  ptece  at  much  later  epochs. 

If  granite  be  the  lowest  and  most  extensive  formation  of  known 
rcfcks,  yet,  in  many  countries,  it  is  raised  in  immense  ridges,  forming 
the  basis  of  moOntain  ranges :  sometimes  the  beds  of  granite  are 
nearly  vertical,  and  constitute  the*  summit  as  well  as  the  central  base 
of  mountains.  An  enquiry  suggests  itself;  was  the  elevation  of  these 
mountain  ranges  cotemporaneous  in  different  countries?  The  fol- 
lowers of  Werner  maintaibed,  that  granite  mountains  were  crystalline 
masses,  precipitated  in  a  universal  ocean  impregnated  with  mineral 
matter ;  and  that  their  elevation  was  coeval  with  their  origin'.  In  the 
year  1819,  M.  Daubuisson,  Who  was  regarded  by  the  French  ad  an 
oracle  in  Gtognosie,  published  his  Traite  de  Giogno^te^  in  which, 
foUowing  the  steps  of  Werner  on  most  points,  he  asserted,  that  the 
granite  of  the  Alps  attained  its  present  elevation  soon  after  the  epoch 
of  its  formation.  In  the  years  1820,  1821,  and  1822,  I  had  fre- 
quent opportunities  of  ascertaining  the  error  of  diis  opinion ;  and 
that  the  beds  of  granite  were  not  elevated,  till  after  the  deposition  pf 
the  calcareous  beds  that  rest  upon  them.  I  farther  ascertained,  that 
many  of  these- calcareous  beds  were  identical  with  thd  upper  secon- 
dary strata  in  England ;  hence  it  foiiowedj  that  the  granite  beds  in 
the  Alps  w6re  not  elevated  till  a  lat^  geological  epoch,  after  the  de- 
position of  the  oolites  and  chalk.  This  disbovery  I  published  in 
1823,  in  my  Travels  in  the  Tarentaise,  vol.  1i.  pp.  17,  18;  and  I 
there  distinctly  stated,  that  the  elevation  of  the  granite  of  the  Alps^ 
was  more  recent^  than  the  elevation  cf  the  beds  of  granite  and  slate 
m  England.    Neither  the  importance  of 'the  discovery,  nor  its  now 
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geoeraUy  admitted  truth,  have  obtained  for  it  the  attend  which  I 
think  it  was  justly  entitled  to,  and  which  it  would  certainly  bare  re- 
ceived, had  it  been  announced  by  any  tyro  in  geology,  either  in 
France  or  Germany.  At  pages  153,  and  153.,  of  the  present  vol- 
ume,  will  be  found  a  brief  account  of  this  discovery,  which  was  also 
republished  in  the  3d  edition  of  this  work ;  but  it  knay  be  proper  to 
give  a  more  full  reference  to  the  sections  by  which  the  discovery  was 
illustrated,  as  they  serve,  not  only  to  explain  from  what  data  the  rel- 
ative age  of  the  elevation  of  different  mountain  ch^euns  may  be  ascer- 
tained, but  to  show  that  M.Elie  de  Beaumont  has  been  guided  bf 
exactly  the  same  dsi'ta;  in  forming  his  recent  conclusions  respect 
the  ages  of  mountain  chains  in  various  parts  of  Europe.  See  Plate 
II.  fig.  2. :  dj  J,  d,  represent  the  highly  inclined  beds  of  granite 
and  primary  rocks  of  Mont  Blanc :  the  dotted  lines  represent  the 
supposed  extent  of  the  beds  before  they  were  broken  down  by  causes 
that  are  incessantly  wearing  them  away,  as  described. in  the  preced- 
ing chapter :  c  c,  are  elevated  beds  of  soft  slate,  which  have  under* 
gone  more  disintegration  thai>  thp  harder  beds  of  granite :  it  b  ia 
these  depressions,  called  cob,  that  the  passages  over  the  Alps  ai« 
generally  situated: 

The  beds  &  /i,  &  a  a,  are  composed  of  the  seopndaiy  formatioos, 
from  magnesian  limestone,  to  the  green  sand  of  the  chalk  farmadoa. 
Kow,  as  all  these  beds  rise  at  nearly  the  same  angle  of  elevation  as 
the  granite,  h  is  evident  that  they  were  elevated  at,  the  same  epocbi 
which  must  have  been  subsequent  to  the  deposition  and  consolidation 
of  all  the  secondary  beds  from  a  a  to  &,  that  rise  up  with  the  graditei 
and  therefore  the  elevation  of  the  granite  of  Mont  Blanc,  was  poste- 
rior to  the  secondary  epoch.  Plate  jl.  fig.  4.  shows  a  section  of  ibe 
low  granitic  and  slate  rocks  of  Cham  wood.  Forest,  Leicestershire, 
considerably  elevated,  b  Cf  eb.  On  the  top  of  the  elevated  beds  ee, 
there-are  a  series  of  nearly  jiorizontal  beds  bf  the  upper  new  red 
sandstone  described  in  Chapter  XI.  Now  as  these  beds  of  new 
red  sandstone  are  of  the  same  age  as  the  lower  secoQdary  bedsit 
in  fig.  2.,  and  were  obviously  deposited,  after  the  beds  6i  graoKo 
atid  slate  rock  were  elevated,  it  is  obvious  that  this  elevation  took 
place  prior  to  the  secondary  epoch,  and  therefore  long  before  the 
elevation  of  the  granite  beds  of  Mont  Blanc.  The  new  red  sand- 
stone not  only  fills  up  depressions  in  the  rocks  of  slate  and  granite  at 
Chamwood  Forest,  but  also  fills  some  of  the  valleys  at  their  feet. 

If  .we  admrt,  what  few  geologists  will  deny,  that  the  saine  secon- 
dary formations  in  different  European  countries  were .  cotenipora- 
neous,  it  cannot  be  controverted,  that  the  devation  of  ^e  slate  rocks 
and  granite  in  Chamwood  Forest,  was  long  prior  to  the  elevation  oj 
the  granite  of  Mont  Blanc.  This  is  but  repeating  what  I  publbbed 
in^  1823 : — a  similar  position  has  recently  been  advanced  by  M.  ^ 
de  Beaumont,,  much  amplified,  and  illustrated  by  numerous  facts.  » 
would  scarcely  bq. possible  within  the  limits  albwed  for  the  sub|OCt 
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in  the  present  ^nmey  lo  give  a  more  clear  And  concise  account  of 
M.  Elie  deBeaumont^s  views,  than  by  qaoting  Professor  Sedgwick's 
sammary^  in  his  able  and  truly  eloquent  address  to  the  Geological 
Society  in  1831 ;  after  which,  1  shall  notice  some  corrections  which 
M.  Elie  de  Beaumont  has  since  found  necessary  to  introduce.  ' 

**  By  an  incredible  number  of  well-conducted  observations  of  his 
own»  combined  with  the  best  attested  facts  recorded  by  other  ob<- 
servers,  M.  Elie  de  Beaumont  has  proved,  that  whole  mountain 
chains  liaVe  been  elevated  at  one  geological  period,— (hat  great 
physical  regions  have  partaken  of  the  same  movement  at  the  same 
time,*>-and  that  these  paroxysms  of  elevatory  force,  have  come 
into  action  at  many  successive  periods.  '  .     . 

'<  Step  by  step,  we  have  been  advancing  towards  the  condusibn, 
— that  different  mountaih  chains  had  been  elevated  at  several  distinct 
geological  periods ;  and  by  a  long  series  of  independent  observations, 
Humboldt,'  Von  Buch,  and  other  great  physical  gedgraphers,  had 
proved, — that  the  mountain  chains  of  Europe  might  be  separated 
into  three  or  four 'distinct  systems;  distinguished  from  each  other  (if 
I  may  so  express  myself)  by  a  particular  physiognomy,  and  above 
all,  by  the  different  angles  made  by  the  bearings  of  their  component 
formations^  with  any  assumed  fneridian.  All  the  subordinate  parts 
of 'any  one  system  were  shown  to  be  parallel;  while  the  different 
systems  {mountain  ranges)  were  inclined  at  various  angles  to  eaci) 
other. 

'^By  an  unlocked  for  and  most  felicitous  generalization,  M.  Elie 
de  Beaumont  has  now  proved,  that  these  two  great  classes  of  facts 
are  commensurate  to  each  other ;  and  that  each  of  these  great  sys- 
tems of  mountain  chains,  marked  on  the  map  of.  Europe  by  given 
parallel  lines  of  direction^  has  also  a  given  period  of  elevati6n,  limited 
and  defined  by  direct  geological  observations.'' 
.  Professor  Sedgwick  then  describes  fourofthesd  systems  of  moun- 
tain chains.  '^The  first  includes  the  higher  elevations  in  eastern 
France,  of  the  Cote  d'Or,  and  Mount  Pilas,  and  a  portion  of  the 
Jura  chain;  it  may  also  be  traced  in  the  chain  of  the  Erzgebirge^ 
between  Bohemia  and  Saxony.  This  system  or  mountain  chain 
never  rises  into  mountains  of  the  first  order,  but  is' marked,  through- 
out, by  many  longitudinal  ridges  and  furrows,  ranging  nearly  parallel 
to  each  other,  in  a  direction  about  north-east  and  south-west.  ^  It 
will  appear  that  this  chain  has  been  elevated^  after  the  deposition  of 
the  oolitic  series,  but  before  that  of  the  chalk  formation,  for  die  lower 
secondary  formationsj  comprising  the  oolites,  wherever  they  appear, 
are  elevated  in  broken  or  contorted  strata,  yet  they  preserve  a  paral- 
lelism in  the  general  dh'^ction  of  the,  ridges.  On  the  contrary,  Wher- 
ever beds  analogous  to  chalk  or  green  sand  occur,  they  are  found  at 
a  dead  level,  and  expand  in  horizontal  planes  into  the  neighbotsring 
mountains,  like  the.  sea  at  the  base  of  a  lofty  cliff;  or  if  they  have 
undergone  any  nK)vement,  it  is  shown  to  have  no  relation  to  the  bear* 
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iDg  of  the  older  cidges,  and  to  have  been  produced  at  a  later  period. 
Hence  it  follows,  that  the  aetion  of  elevation  was  violent  and  of  short 
continuance,  for  the  inclined  strata  are  shattered  an4  contorted,  and 
between  them  and  the  horizontal  strata  there  is  no  intermediate  gra- 
dation  of.  deposits :  it  farther  proves,  that  the  period  of  elevation  was 
followed  by  an  immediate  change  in  many  of  the  forms  of  organic 
life. 

*'  The  next  great  system  includes  the  whole  chaiti  of  the  Pyrenees, 
—the  northern  Apennines,"^— the  calcai'eous  chains  to  the'nordi-eest 
of  the  Adriatic,^ — nearly  the  whole  of  the  Carpathian  chain,  and  it 
extends  thence  through  the  Hartz  moimtaios^  to  the  plains  of  Dorthen 
Germany.  Through  the  whole  of  these  vast  regions,  the  mam  bea^ 
logs  of  the  beds  rang^  about  west-north-west  and  eaat-soutb-east 
This  System  was  elevated  at  a  later  period  than  the  former,  and  not 
till  ihe  chalk  and  green  sand  had  been  deposited,  for  the  strata  of 
these  formations  are  every  where  ruptured  aod  contorted,  and  often 
lifted  up  to  the  very  ptnqacles  of  the  nM>unuins :  whereas,  when  an; 
of  the  tertiary  strata  approach  these  ranges,  they  are  stated  to,  be  in 
a  position  nearly  horizontal  as  the  surface  of  -the  waters  in  which 
they  were  deposited,  unless  disturbed  by. local  causes.  Heace,  it  b 
ibferred^  that  the  great  parallel  ridges  and  chains  of  this  second  sjrs- 
tem  were  suddenly  and  violently  elevated,  at  a  period  between  the 
de[)iDsition  of  the  chalk,  and  the  commeneement  of  the  teitisy 
groups.  The  corresponding  change  in  organic  remains,  is  still  siore 
striking  than  in  the  former  system. 

•  »''  The  third  system  embraces  a.  great  number  of  parallel  ranges, 
bearing  ajaout  north-north.-east,  and  west-south-west ;  it  iodudes  the 
whole  western  Alps,  from  the  neighbourhood  of  Marseilles,  to  the 
volcanic  ridges  near  the  lake  of  Constance.  It  b  attempted  to  be 
proved,  that  all  these  parallel  ranges  in  the  western  Alps,  M^^ 
origin  after  the  tertiary  molasse,  a  deposit  piutaking.  of  all  the  elevar 
tioos  and  contortions  of  the  older  strata ;  that  the  elevatory  move- 
ments v^ere  -sudden  and  violent,  and  commenced  at  a  time  wbeo 
tribes  of'iDammalia  flourished  in  many  parts  of  Kurope;  aod  that 
these  movements  were  immediately  succeeded  by  great  borisontal 
deposits  of  old  diluvial  gravel  at  the  base  of  the  western  Alps,  and 
probably,  also,  by  that  vast  offihot  of  Scandinavian  rock^  which  lie 
scattered  over  the  plains  of  Germany. 

*\  The  fourth  system  embraces  several  considerable  chains  in  Pro- 
vence, and  nearly  the  whole  chain  of  the  eastern  .AJps,  from  the 
great  flexure,  in  the  region  of  Mont  Blanc,  to  (he  Alps  of  tbe  states 
of  Austria.  The  range  extends  E.N.E.  and  W.S.W..  M.  Eli^  de 
Beaumont  appears  to  have  piH)ved,  that  there  are  two  distinct  de- 
posits of  diluvial  gravel,  near  a  portion  of  the  western  Alps :  that 
the  colossaUmass  of  Mont  Blanc,  and  at  least  a  considerable  portion 
of  the  eastern  Alps,  were  elevated  after  the  deposit  of  the  older  di- 
luvium }  and  that  all  the  newer  diluvium,  including  the.granite  blocks 
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8C«|ttered  over  Savoy,  rolled  off  from  the  regions  of  the  higher  Alps, 
duriDgihis  last  period  of  their  elevation.  There  are  six  other  sup- 
posed periods  of  elevation.  If  these  generalizations*  be  true,  and^ 
they  seem  to  be  based  on  an  imnaovabie  mass  of  evidence,  we  must' 
coDclude,  that  there  have  been,  in  the  history  of  the  earth,  long  pe- 
riods of  comparative  repose,  during  which  the  sedimentary  deposits 
went  on  io  regular  continuity ;  add  short  periods  of  comparative  vio- 
lence and  revolution,  during  which  that  oontinuity  was  broken;  am] 
if  we  admit  that  the  higher  regions  of  the  globe  have  been  raised 
from  the  sea  by  any  modification  of  volcanic  force,  we  must  then 
also  admit,  that  there  have  been  several  successive  periods  of  extra- 
ordinary volcanic  energy.  How  we  are  to  escape  from  this  conclu- 
sion 1  am  unable  to  comprehend,  unless  we  shut  out  the  evidence  .of 
our  senses.         .        i 

"That  the  system  of  M.  ^lie  de  Beaumont  is  directly  opposed  to 
a  fundamental  principle  of  Mr.  Lyell,  cannot  admit  of  doubt ;  and  I 
have  decided  io  favoi*  of  the  former  )iuthor,  because  his  conclusions 
are  not  based  upon  any  a  priori  reasonings  but  on  the  evide^nce  of 
fects.*"  '  .       • 

If  we  admit  that  the  primary,  th^  transition,  the  secondary^  und 
the  tertiary  c]||Bsses  of  rock,  were '  formed  at  different  successive 
epochs,  and  that  the  lower  beds  in  each  of  these  classes,  •  are  mOro 
ancient  than  the  beds  which  rest  upon  them,  it  follows,  as  a  neces- 
sary consequence,  that  the  elevation  of  any  of  these  rocks,  must  be 
dated  from  a  later  epoch  than  the  period  of  their  formatioQ.  The 
elevation  of  a  range  of  primary  or  transition  mountains,  if  they  are 
not  covered  by  any  secondary  or  tertiary  formations,  may  be  dated 
either  from  an  epoch  coeval  with  their  consolidation,  or  from  any 
subsequent  epoch ;  but  if  they  are  partly  covered  by  secondary  or 
tertiary  b^ds  which  are  tilted  up  with  them,  we  have  direct  evidence 
that  the  date  of  their  elevation,  was  posterior  to  the  secondary  or 
tertiary  epoch.  Sq  far  we  may  advance  on  secure  ground ;  but 
when  we  infer,  that  mountains  which  range  in  the  same  direction 
were  all  elevated  at  the  same  time,  we  wander  into  the  region  of 
vague  hypothesis.  It  is  by  no  paeans  certain/  that  the  elevation  of 
th^  outer  ranges  of  the  Alps  #as  contemporaneous  with  that  of  the 
principal  range.  In  various  part  of  Savoy,  I  observed  that  the 
mountaiDS  at  a  certain  distance  from  the  central  range,  had  their  esr 
carpments  turned  in  a  different  direction,  and  frequendy  took  the 
arched  form  of  stratiQpation,  as  represented  Plate  U.  fig.  2.  ar,y. 


«  Though  I  agree  wilh  Professor  Scdgnrick  and  M.  Elie  de  Beaumont,  that  the 
elevation  of  mooD tain  ranges,  where  the  beds  are  nearly  vertical,  was -effected 
ty  a  sudden  and  violent  npheaving,  yet  I  am  persuaded,  that  the  elevation  of  con- 
tments,  or  extensive  tracts  of  conntry,  was  (as  Mr.  Lyell  maintains)  a  long  con- 
tinued process.  It  n>ay  be  proved  that  these  operations  were  distinct  from  each 
other,  as  I  shall  afterwards  state. 
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Indeed,  M.  Elie  de  B^umonc  bas  btmself  been  oUigod  to 
his  generalizacions  considerably 9  as  will  apoear  from- the  foHomo^ 
extract  from  the  BuUetin  de  la  Sociite  G^kogique  de  Fraitee.  M. 
Reboul,  in  a  memoir  on  the  structure  of  the  PyreneeSi*  road  to  the 
socjeQr  in  Pecember,  1831,  states,  that  several  distinct  axes  of  ele- 
vation may  be  observed  in  different  parts  of  these  extensive  iQonn- 
tain  ranges,  inclined  in  different  directions  to  each  other,  and  that 
the  lines  of  bearing  of  the  strata  are  also  differenx  in  each.  There 
are,  he  observes,  indications  in  the  Pyrenees,  of  the  elevation  of 
rocks  at  different  epochs,  both  before  and  after  the  most  recent  sec- 
ondary depositions,  that  rise  to  the  summit  of  Mont  Perdu.  He 
also  states  mstances  of  the  tertiary  beds  of  molasse,  being  elevated 
near  the  central  range  of  the  Pyrenees,  whereas  in  the  Alps  they 
occupy  only  the  central  p^rts  of  the  range,  which  would  imply  that 
the  period  of  elevation, of  that  -  part  of  the  Pyrenees^  was  more  re- 
cent than  that  of  the  Alps.  It  appears,  however,  in  the  same  report, 
that  M.  Elie  de  Beaumont^now  admits  four  epochs  of  elevation  in  the 
Pyrenees :  the  most  ancient  immediately  succeeded  the  formation  of 
the  transition  rocks.  The- second  took  place  between  the  deposition 
of  the  gr^en  sand,  and  that  of  the  upper  chalk.  The  third  epoch  of 
elevation  was.  posterior  to  the- chalk  formation.  The  fourth,  which 
gave  birth,  to  the  serpentines,  {ophites^)  and  to  the  gypsum  with  rock 
salt,  is  more  recent  than  the  tertiary  epoch.^         '    . 

M.  Beaumont,  however^  contends,  that  notwithstanding  the  four 
different  directions  of  the  ranges  in  the  Pyrenees^  of  which  traces 
may  be  observed  Jn  several  of  the  valleys,  the  great  chain  of  the 
Pyrenees,  owe&  its  actual  elevation  and  gieneral  direction,  to  the  third 
system  or  epoch  of  elevation,  which  was  posterior  to  the  chalk  form- 
atbn-;  the  two  former  epochs  of  elevadod,  discoverable  in  ihis  chain, 
faavinc  h'een  modified  by  the  great  elevation  of  this  third  epoch. 
The  fourdi  epoch  of  elevation  Is  only  perceivable,  in  the  localities 
where  serpentme  rocks  appear.  v  . 

I* wish  to  press  upon  the  attention  of  geologists,  the  consideration, 
that  4he. arched  stratification  implies  a  very  limited  extent  of  opera- 
tion«  Where  it  is  confined  to  one  mountain,  as  at  Cricfa  Cliff,  (see 
the  cut,  p.  96.)  the  elevating  force  may  be  said  Id  act  at  one  poiuU 
Where  the  arched  stratification  extends  through. a  range,  it  may  be 
said  to  act  along  narrow  lines,  forming  mountain  ridges,  with  valleys 
between  them.  fVom  what  I  observed  in  the  Alps^  I  was  cooTinoed 
that  the  expfesive  force  which  upheaved  Mont  Blanc',  ^d  the  cen- 
tral range  of  the  Alps,  did  not  extend  its  action  very  far  from  the 


.*  Tl^e  formation  of  serpentine  (which  was  formerly  considered  as  a  primaiy 
rock)  after  the  tertiary  epoch,  will  cease  to  surprise  geologists,  since  the  identity 
of  basalt,  green  stone,  and  serpentine,  has  been  ascertained  by  Dr.  MaccuJloch. 
Serpentine,  like  basalt  and  volcanic  rocks,  may  have  been  formed  among  any 
class  of  rock$.  It  was  stated  in  Chapter  XL,  that  some  of  the  rock  salt  deposits 
iA  Poland  were  in  tertiary  strata. 
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uis  of  the  range  on  each  side }  and  that  diis  action,  being  coDBoed 
within  oarrow  limits,  produced  a  rent  or  line  of  fracture  on  the  crust 
of  the  globe, .  along  which  the  beds  were  suddenly  tilted  into  their 
present  position;  and  that  the  outer  ranges  were  raised  by  similar 
ezploaions, .  acting  along  lines  of  fracture  of  greater  or  less  extenL 
Tnese  upheavings^  whether  simultaneous  or  successive,  .took  place 
under  the  sea,  and  must  have  occasioned  an  agitation  of  the  water, 
far  exceeding  in  violence,  any  thing  which  modem  causes  pcesent  to 
our  observation. 

The  vertical,  or  highly  elevated  portion  of  certain  portions  of 
strata,  that  were  originally  horizontal,  implies  the  sudden  and  vio- 
lent action  of  an  upheaving  force.  Where ,  mountains  are  raised  to 
a  considerable  elevation,  and  preserve  an  unbroken  range  of  nearly 
horizontal  strata,  we  may  infer,  that  the  upheaving  force  was  slow  in 
itd  operation,  or  acted  on  a  large  segment  of  the  earth's  surface. 

I  now  claim  the  attention  df  geologists  to  the  following'' position, 
which  admits  of  direct  and  positive  proof,  though  I  am  not  aware 
that  it  has  been  before  noticed  :t^the  klevation  or  large  con- 
tinents AND  ISLANDS,  WAS  NOT  EFFECTED  BT  THE  SAME  OPERA- 
TION,  WHICH   UPRAISED   THE   PRIMART  ROCKS^      For  inStddCC,   the 

horizontal  strata  of  new  red  sandstone,,  that  rest  on  the  upraised 
beds  of  slate  dnd  granite  atChamwOod  Fore^,  (see  Plate  II.  fig.  4.) 
wer^  deposited  under  the  ocean';  they  are  evidently  sedimentary  de- 
positions, composed  of  ^agments  of  slate  and  other  rocks,  intermixed 
with  clay  and  sand,  indurated  into  sandstone.      . 

Now  let  us  notice  the  present  elevation  of' these  strata  of  sandr 
stone^  which  is  not  less  than  about  500  feet  above  the  level  of  the 
sea,  and  we  shall  be  compelled  to  admit,  that  the  rocks  of  slate  aocT 
granite,  together  with  their  covering  of  sandstone  strata,  were  raised 
from  the  ocean  to  their  present  height,  at  an  epoch  long  ppsterior  to 
the  uptilting  of  the  former  beds,*  or  to  the  deposition  of  the  sandr' 
stone  that  rests  upon  them.  At  the  same  epoch,  and  by  the' same 
upheaving  cause,  a  great  extent  of  the  central  part  of  England  w.85 
also  raised  froqn  the  ocean ;  for  the  same  beds  of  slatej  sieqite,  gran- 
ite and  quartz  rock,  covered  with  the  same  beds  of  new  red  sand* 
stone,  extend  into  Warwickshire,  and,  in  all  probability,  are  con- 
nected with  the  Malvern  range.  Should  any  One  suggest  a  doubt, 
whether  this  portion  of  the  new  red  sandstone  was  deposited  under 
the  sea,  itjs  only  necessary  to  say,  that,  the  same  new  red  sandstone, 
immediately  adjacent  to  the  Cbarnwood  range,  is  covered  by  beds  of 
the  lias  formation,  (see  e.in  the  same  plate,)  which  abound  in  marine 
organic  remains.  The  same  reasoning  will  apply  to  all  other  situa- 
tions in  which  uptilted  transition  or  primary  rooks,'  are  covered  by 
horizontal  depositions  of  secondary  strata.  The  elevation  of  the  up- 
tilted  beds  was  a  distinct  operation  from  that  which  raised  them,  to* 
gether  with  the  rocks  that  cover  them,  above  the  ocean^  and  which 
coDverted  the  former  bed  of  the  sea  into  dry  land. 
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I  ooDsiiler  it  probablei  that  all  large  tracts  of  country  or  coounents 
emerged  slowly  from  the  ocean,  forming  at  first  mountaiDoU^  isiaods, 
before  the  lower  countries  were  raised,  above  the  level  oT  the  sea. 
The  power  which  qould  upheave  a  continent,  or,  in  otheir  words,  ocp 
casion  a  large  portion  of  the  crust  of  the  globe  to,  swell  out,  must  be 
very  difierent  from  the  force  which  acted  along  certain  lines,  and 
elevated  mountain  ranges.  This  power  may  be  dependent  oo  a 
more  general  law  of  subterranean  motion,  with  which  we  are  at 
present  unacquainted ;  for  I  dpem  it  would  be  tbe  extreme  of  pre- 
sumptuous absurdity  to  maintain,  that  the  causes  we  observe  in  pres- 
ent operation,  comprise  the' whole  agentoies^of  tbe  material  Univene. 
The  discoveries  of  electric  and  voltaic  energy,  and  several  laws  of 
crystalline  and  magnetic  polarity,  have  been  made  only  during  \he 
life-time  of  some  of  the  present  generation ;  shall  we  then  presume 
to  fix  linoiics  to  the  discoveries  of  other  powers  and  properties  of  Na- 
ture, of  whose  existence  we  cannot  at' present  form  the  most  remote 
conjectures?  We  might  oSar,  many  instances  in  our  own  island,  in 
which  the  forces  that  have  broken  and  lifted  up  the  strata  along  cer- 
tain lines,  appear  to  be  very  different  from  that  which  elevated  cod- 
tinents  or  laige  islands.  The  elevating  force  that  broke  and  tilted  up 
the  chalk  strata,  and  the  tertiary  strata,  al6ng  a  line  extending  east 
and  west  through  ihe  Isle  of  Wight  into  Dorsetshire,  does  not  ap- 
pear to  have  produced  any  considerable  <;haiige  on  each  side  of  tbe 
linCb 

In  passing  from  Alum  Bay,,  where  the  chalk  strata  are  nearly  m- 
tical,  to  the*south.  side  of  the  island,  it  is  truly  extraordinary  to  ob- 
serve, how  little  the  lower  beds  beneath  the  chalk,  and  adjacent  to 
it,  appear  te  have  been  disturbed.  The  force  which  updted  tbe 
strata  is  altogether  distinct  from  that  mighty  upheaving  force,  which 
rajsed  the  whole  chalk  hills  in  the  south  of  England  from  tbe  ocean, 
without  disturbing  the  relative  position  of  the  strata. 

Th)e«  same  conclusions  may  be  formed  respecting  the  Wealdeo 
beds  (see  Chap.  XIII.) ;  but  in  this  case  the  strata  have  been  up- 
heaved apd  submerged  more  than  once,  without  any  great  cbaogeio 
th^ir  relative  position.  The  repeated  upheaving  and  submergence 
of  the  secondary  strata  is  proved  by  the  occurrence  of  fresh  water 
strata,  or  of  strata«containing  freshwater  shells  and  land  plants,  rest* 
ing  on  marine  strata,  and  also  covered  with  a  great  thickness- of  ma- 
rine formations.  (See  Chap.  VIII.)  The  strau  in  the  great  coal 
formation,  were  deposited  in  the  freshwater  lakes  or  marshes  of  an 
ancient  ^country.  The  coal  is  composed  of  vegetable  matter,  and 
sometimes  contains  cortical  impressions  of  plants.  The  beds  of 
sandstone  and  shale  that  nccompany  coal,  contain  trunks  and  steou 
of  large  terrestrial  plants,  sometimes  standing  in  the  posidon  in  whico 
they  grew.  In  the  greater  number  of  coal  fields  not  a  vestige  of  aoy 
marine  shells  is  found,  though  diey  frequently  contain  freshwater 
shells.    In  the  lower  part  of  some  coal  formations,  indeed,  there  are 
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beds  of  limestone,  snjpposed  to  be  marine,  and  a  few  marine  organic 
remains.  In  such  situations  we  roust  adroit,  that  the  lakes  or  basins 
in  which  the  coal  strata  ^are  deposited,  were  nearly  on  a  level  with 
the  sea,  and  subject  to  occasional  irruptions  of  salt  water ;  or  the  rel- 
ative level  of  the  land  and  sea  may  have  been  changed,  by  frequent 
oscillations  of  the  land.  The  strata  of  coal  and  ironstone  are  much 
too  regularly  separated  from  admixture  with  other  substances,  to  al- 
low us  to  suppose,  that  they  were  formed  by  matter  drifted  into  the 
sea.  If  the  regular  coal  strata  in  our  English  coal  fields  are  not 
freshwater  formations,  deposited  in  iparshes  or  in  tranquil  water,  we 
can  have  no  evidence  for  freshwater  formations  ih  any  part  of  the 
worid.  All  the  coal  basins  were  either  formed  in  inland  marshes  or 
lakes,  or  were  surrounded  by  dry  land  ;  but  a  great  submergence  of 
the  land  took  place,  and  they  were  covered  in  many  parts  by  thick 
depositions  of  Marine  limestone.  At  a  subsequent  period,  they  again 
en^erged  from  the  ocean  with  a  covering  of  marine  secondary  strata. 
(See  Appendix.)  It  ^x>uld  not  be  difficult  'to  accumulate  proofs,  of 
the  repeated  elevation  and  submessioa  of  portion's  of  the  crust  of  the 
globe.  ,  • 

The  following  account  is  interesting,  from  the  vast  extent  of  sur- 
face to  which  it  relates ;  but  it  may  be  "said  to  piesent  rather^  a  de* 
scription  of  the  present  state  of  the  earth's  surface,  than  a  direct 
proof  of  former  changes.  M.  Humboldt,  in  a  recent  work,  entitled 
Fragmens  Ge^ologiques  sur  f  wine  Centrales  the^  result  of  his  late 
travels  into  Asia,  observes,  that  the  higb  (tort  of.  central  Asia,  com- 
monly called  le  grand  plateau^  is  composed  of  four  powerful.rpnges 
(sysiemes)  of  mountains,  directed  east  and  west,  ^nd  suppQrted  by  a 
coonBoq  base,  also  raised  above  the  surrounding  Country.  .  At  the  ibot 
of  this  inunense  system  of  mountain  chains  and  elevated  ground^  is 
an  enormous  depression,  eighteen  thousand  idiles  square,  and  from 
150  feet  to  300  feet  below  the  level  of  the  ocean.  The  surface  of 
the  Caspian  Sea  and  the  level  of  Astracan  is  300  ftet  lower  than  the 
sea,  add  the  course  of  the  Volga  is-  150  feet  lower.  M.  Humboldt 
supposes,  that  this  subsidence  was  the  result  of  this  elevation  of  the 
Plateau,  which  supports  the  Himalaya  and  Irun  mountains,  and  per- 
haps those  of  Caucasus,  an  enormous  mass,  the  elevation  of  which 
can  be  compared  to  no  geological;  phenomena  of  the  same  order,  ob-  * 
served  on  the  other  continents. 

M.  Humboldt  notices  the  existing  traces  of  volcanic  agents  in  cen- 
tral Asia,  which  may  be  more  or  less  directly  connected  with  the 
internal  force,  that  has  produced  such  mighty  results. 

The  epoch  of  these  elevations  is  not  precisely  indicated  by  M. 
Humboldt,  but  the  discovery  of  tertiary  shells  in  the  higher  regions 
of  Caucasus  and  the  Himalaya  mountains,  analogons  to  those  in  the 
adjacent  seas,  may  lead  us  to  regard  the  elevation  of  these  mountam 
chains,  as  being  posterior  to  the  latest  tertiary  epoch,  which  woidd 
(if  established)  confirm  the  conclusion,  ^  that  the  highest  chains  of 
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mountains  are  the  most  recent.'^-:— From  the  imperfect  knowledge  at 
present  possessed  of  the  geobgy  of  central  Asia,  and  of  die  structure 
of  the  mountains,  it  would  be  unwise  to  draw  any  general  conclasidin 
respecting  the  elevation  of  the  different  mountain  chains,  or  of  the 
elevated  plateau  fropi  which  they  rise ;  but  we  can  freely  con- 
ceive, that  the  whole  of  the  mountain  chains,  and  this  elevated  pluD 
in  central  Asia,  were  raised  by  one  sudden  upheaving  force :  it  seems 
more  probable,  that  the  expansion  of  so  large  a  ponion  of  the  earth's 
surface,  and  its  depression  in  other  parts,  were  not  effected  in  a  very 
shout  period;  but  still  the  convulsive  intermissions  of  such  an  up- 
heaving^ while  in  progress,  must  hiive  produced  tremendous  ^fleets. 
If -this  elevation  of  central  Asia  took  place  ader  the  tertiary  epoch, 
perhaps  it  may  not  have  an  earlier  date  than  the  existence  of  the  hu- 
man race,  and  its  destructive  effects  on  the  surrouHsding  countries 
may  have  given  rise  to  the  tradition  of  an  extensive  deluge,  stiD  pre- 
served among  the  most  ancient  eastern  nations, 'and  referred  to  in  the 
writFogs  of  Moses.  .^  -  ^     ^ 

The  elevations  of  limited  portions  of  the  earth'Sf  surface,  at  a  dis- 
tance from  any  known  volcanic  agency,  are  not  uncommon.  Loose 
stones  or  shingles  of  an  ancient  sea^  beach,  are  found  at  heights  ooo- 
siderably  above  the  present  level  of  the  sea,  in  many  parts  of  Eog* 
land.  Beds  of  gravel  and  diluvial  sand,«vidi  marine  shells,  were  re- 
cently found  on  tha  summit  of  Moel  Try  fane,  near  Caemarroo,  at 
the  height  of  1000  feet  above  the  level  of  the  sea :  the  shells  are 
said  to  resemble*  the  broken  sh^ls  on  ihe^  adjacent  beach.  On  the 
coast,  of  Norway  and  'Sweden,  Von  Biich  and  M.  Brongniart  difoov- 
ered  deposits  pf  shelli  at  various  heights  above  the  levelofthesea; 
this  wbuld  indicate*  that  the  rocks  have  been  elevated  at  a  i^eotpO' 
riod,  though  they  are  chiefly  composed  of  gneiss  and  primary  ibnna* 
tions.  In  .countries  that  are  adjacent  to  volcanic  districts,  iostances 
of  the  repeated  elevation  and  submersion  of  the  land  are  notoDCom- 
mon.  ..In  the  fir^  volume  of  Mr.  LyelFs  Principles  of  (Jeology, ma- 
ny interesting  facts  of  this  kind,  in  Cal&bria  and  JSicily  are  fully  sta- 
ted. The  most  remarkable  elevation  of  the  ground  that  has  been 
recorded  in  modern  times,  is  that  which  took  place,  in  the  year  1822 
(see  Chap.  V.,)  on  die  coast  of  Valparaiso,  in  which  the  bed  of  the 
sea  was  raised  permanently'  above  jts  surface,  over  an  extent  of  100 
miles. 

It  may  be  truly  said  that  these  instances  of  elevation,  present  but 
a  feeble  resemblance  to'  the  mighty- upheaving  forces  which  have  ele- 
vated whole  continents ;  but  I  before  stated,  that  it  is  highly  proba- 
ble the  emersion  of  continents  from  the  ocean,  was  a  slow  and  long 
continued  process.  We  have  fewer  recent  instances  of  subsidence 
on  an  extensive  scale  than  of  elevation  ;  though  cities  have  been  lo- 
gulfed  and  their  place  occupied  by  lakes,  and  the  bed  of  the  sea 
near  the  coast,  has  been  deepened  as  well  as  elevated  by  eartb- 
qliakes.    In  addition  to  this,  there  are  submarine  forests  on  some 
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{Mlrts  of  the  English  coast,  particularly  of  Yorkshire  and  Liocoln-* 
shire,  which  may  be  seen,  at  low  water,  extending  far  into  the  sea. 
The.  trees  are  broken  off  near  the  roots,  but  their  stumps  are  erect, 
proving  that  they  are  in  the  position  in  which  they  grew  :  this  fact 
clearly  indicates  a  submersion  of  that  part  of  the  country  at  no  very 
remote  epoch.  If  ancient  traditions  could  be  relied  upon  with  as 
much  certainty,  as  the  records  of  nature  imprinted  on  the  crust  of 
the  globe,  we  iqight  cite  the  fact  of  ancient  continents,  having  sunk 
down,  since  the  world  was  peopled  by  the  human  race.  Plato,  in 
his  diak)gue  entitled  Tinutus,  says,  that  Solon  received  an  account 
from  the  priests  of  Sais  in  Egypt,  that  there  was  formerly  a  vast 
country  called  the  Atlantides,  situated  beyond  the  Straits  of  Gibral- 
tar, the  inhabitants  of  which  were  highly  civilized  and  flourishing; 
but  the  whole  cpuntry  was  ingulfed. in  the  ocean,  during  a  violent 
earthquake. 

The  upheaving  of  extensive  islands  or  continents,  was  pobably 
always  accojnpanied  by  the  depression  of  other  portions  of  tne  crust 
of  the  globe :  the  oscillations  of  the  surface  may  be  the  result  of  some 
general  laws  of  subterranean  motion,  as  regular  and  de6nite  in  their 
operafion,  as  the  laws  which  regulate  the  motions  of  the  planetary 
s^stena.  These  law3  may  remain,  for  ever,  undiscovered  by  homan 
intelligence,  but  our  ignorance  respecting  the  causes  which  have  re- 
peatedly submerged  and. elevated  various  portions  of  the  earth's  sur- 
face, does  not  invalidate  the  fact,  that  such  sqbmersibns  and  eleva- 
tions have  taken  place  at  various  epochs.  The  admission  of  this 
fact  £as  been  progressively  gaining  ground,  and  is  supported  by  a 
mass  of  evidence  that  cannot  be  reAited. 
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CHAPTER  XXIII. 

OR  THE   rOBMilTION  OF  TALLETS,   AND  THE   GEOLOGICAL  TBEOBICS 
RELATING  TO  TALLETS  AND  DENUDATIONS. 

On  the  Causes  that  hare  broken  the  Surface  of  the  Globe.— Erosive  Actiow  of 
running  Water,  illustrated  by  the  Process  called  Hushing. — Bursting  of  Lakes. 
■^Some  valleys  originally  formed  by  Elevation  or  Subsidence,  and  subseqaeni- 
'ly  enlarged  by  the  Action  of  Water. — Different  Theories  respecting  the  Forma- 
lion  of  Valleys.-*-Theory  of  Werner— of  Hulton.— Of  Elevation,— Of  thf  ^eli^ 
ing  Waters  of  the  Ocean.— -Theory  of  Excavation  and  Denudation  by  Delagei 
Modification  of  this  Theory  by  Sir  James  Hall ;  its  Application  to  Explain  De' 
nndations,  ana  Transportation  of  Blocks  of  Granite  froon  the  Alp.— rarticiilar 
Phenomena,  presented  by  the  scattered  Blocks  in  the  Vicinity  of  Geneva.— De- 
nudation of  Stratified .Rock.s,  effected  by  the  same  Causes  which  have  broken  the 
Primary  Rocks,  and  scattered  their  Fragments  into  distant  Districts. 

Froh  what  has  beet)  stated  in  the  preceding  chapter,  respecting 
the  elevafion  and  submersion  of  the  earth's  surface,  the  geological 
student  nnight  infer,  that  such  elevations  and  submergences  o&r  a  sat- 
isfactory explanation  of  the  formation  of  valleys,  but  the  ioferenee 
would  be  erroneous.  There  are  two  distinct  causes  which  ba^ 
modified  the  surface  of  the  globe ;  the  one  internal,  dependent  on  the 
atmosphere  which  surrounds  it ;  beside  these,  there  is  the  ceaseless 
flux  and  reflux  of  the  ocean,  dependent  on  the  Attractive  forces  of 
the  sun  and  moon,  and  on  the  earth's  diurnal  revolution  on  its  ai». 
The  two  formet  causes  have  been  principally  concerned  in  the  for- 
mation of  valleys ;  and  there  are  few  valleys  in  which  the  combined 
efiects  of  both  these  causes  may  not  be  traced.  The  inequalities  of 
surface  produced  by  the  upheaving  of  mountain  ranges,  or  tbe emer- 
gence of  continents  from  the  ocean,  must  have  originally  determined 
the  course  of  the  retiring  water,  or  of  atmospheric  water  precipitated 
in  rain.  Of  the  power  of  atmospheric  water,  to  act  upon  the  so^ 
face  of  the  globe,  we  can  form  but  a  very  feeble  idea,  frotn  i^^faat 
we  observe  in  our  own  country.  In  warm  climates,  as  mucb  wn 
will  sometimes  fall  in  one  hour,  as  falls  at  different  tiroes,  during 
three  months,  in  northern  latitudes :  added  to  this,  when  therein  de- 
scends in  mountainous  regions,  the  water  b  suddenly  collected  into 
powerful  rivers,  rushing  with  incredible  violence  to  the  lower  valleys. 
At  remote  epochs,  it  is  highly  probable  that  many  elevated  depress 
aions,  which  are  now  mountain  valleys  in  alpine  regions,  upheld  tbe 
waters  and  formed  lakes,  that  have  subsequently  burst  their  barriers, 
and  have  ploughed  a  passage  for  the  succeeding  rivers,  when  the 
drainage  of  the  country  became  more  regular. 

To  enable  the  reader  to  form  some  notion  of  the  force  of  falling 
water,  carrying  with  it  loose  stones  that  occur  in  its  passage,  it  may 
be  useful  to  describe  a  process  called  hushing j  in  Westroorehad. 
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The  quftrrymen,  when  in  search  for  good  beds  of  slate,  where  the 
side  of  a  mountain  is  covered  with  stones  and  vegetation,  ibrm  a  lake 
or  pool  near  the  top  of  the  mountain,  by  damming  up  a  rivulet  where 
it  passes  through  a  depression  or  small  valley.  When  the  water  has 
accumulated  in  sufficient,  quantity,  they  dig  a  trench  near  the  dam, 
to  direct  the  current  where  they  wish  it  to  flow^  and  then  break  dowo 
part  of  the  dam.  The  water  flows  first  through  the  trench,  and  rusb-f 
ing  with  accelerated  velocity  down  the  mountain,  carries  with  it  the 
stones  near  the  surface,  and  in  a  very  short  time  ploughs  a  deep  chan* 
Del  io  the-tocks,  exposing  every  bed  to  view.  Thus,  in  a  few  hours 
is  efibcted,  what  the  labour  of  many  men,  continued  for  months,  could 
not  have  accomplished.  I  have  been  informed,  that  in  the  upper 
part  of  the  valley  of  Long  Sleddale,  when  the  process  oi  hu$htng 
takes  place,  the  river  £en,  (as  it  flows  by  Kendal,  twelve  miles  dis- 
tant,) is  made  turbid  for  some  days,  by  the  quantity  of  debris  carried 
into  it.  If  such  an  effect  can  be  produced  by  .the  small  quantity  of 
water  thus  pent  up,  it  will  not  be  difficult,  to  believe,  that  the  bursting 
of  extensive  mountain  lakes,  may  have  scooped  out  passages  for 
mighty  rivers.  Even  the  bursting  of  a  small  mountain  lake,  in  the 
valley  of  Bagnes,  in  the  year  1818,  produced  the  most  tefrific  effects. 
The  lake  had  been  formed  by  a  barrier  of  ice  damming  up  the  river 
at  a  great  elevation  :  this  barrier  Suddenly  gave  way,  and  precipitated 
the  water  into  the  great  valley  of  the  Rhone,  near  Martigny,  tearing 
down  and  overturning  every  obstacle  it  met.  in  its  passage'.  From 
the  quantity  of  mud  and  stones  which  it  bore  along,  it  resembled  a 
moving  mass  of  stones  and  earth.  An  English  gendeman  who  was 
descending  the  valley  at  the  time,  observed  bis  horse  exhibit  by  its 
motioas,  great  trepidation,  of  which  he  could  not  discover  the  causei 
until  a  loud  rushing  noise  occasioned  him  to  look  back,  when  he  be«* 
held  what  appeared  like  a  wall  filling  up  the  bottoni  of  the  valley,  aad 
advancing  rapidly  towards  him.  He  instantly  alighted,  and  scram* 
bled  up  the  adjacent  rocks,  leaving  his  horse  to  its  fate.  Two  years 
afterwards,  when  I  was  at  Martigny,  tlie  desolating  ravages  of  this 
catastrophe  were  apparent. 

JMany  of  the  valleys  in  the  Alps  have,  evidently,  once  been  lakes. 
The  upper  valley  of  the  Rhone,  from  its  source  to  Martigny,  formed 
one  lake:  the  whole  valley  of  Geneva,  between  the  Alps  and  the 
Jura,  formed  a  lower  and  more  extensive  lake,  before  a  passage  was 
opened  for  the  water  at  Porte  I'Eclase.  When  a  fissdre  was  once 
made  by  earthquakes  or  by  subsidence,  the  rushing  of  water  charged 
with  stones,  would  enlarge  and  deepen  the  passage,  and  thus  lay  dry 
and  reduce  the  ancient  lakes  in  a  comparatively  short  period.  In 
the  year  1819,  part  of  a  mountain  immediately  above  the  river  Isere, 
and  opposite  to  the  city  of  Moutiers,  in  the  Tarentaise,  suddenly  fell 
down  into  the  river,  and  formed  a  dam  across  it,  over  which  persons 
might  pass  from  one  side  to  the  other.  When  I  was  there  in  the 
year  1831,  all  this  mass  of  slooe,  had  been  carried  away  by  the  riv- 
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er.  The  action  of  rivers  id  extensive  itnd  level  valleys,  t^nds  ratber 
to  fill'tbem  with  debris,  brought  from  the  tnore  elevated  countries  in 
which  the  rivers  bad  their  origin,  than  to  excavate  them  deeper. 

The  formation  of  the  greater  number  of  valleys  cannot  be  explain- 
ed by  the  action  of  water  alone.  There  are  valleys  of  elevation 
formed  by  the  raising  of  the  strata  on  each  side — ^valleys  of  subsH 
dence,  formed  by  the  sinking  of  the  ground,  leaving  the  adjacent 
rocks  unmoved — valleys  formed  on  the  line  of  faults^  in  which  the 
rocks  on  one  side  have  been  thrown  up  or  depressed — valleys  of  dis- 
ruption, where  a  range  of  mountains,  or  an  extent  of  conotry  has 
been  rent  by  earthquakes  or  by  subsidence.  Most  of  the  valleys 
formed  originally  by  these  causes,  have  been  subsequently  enlarged 
or  modi6ed  by  the  action  of  water.  There  are,  indeed,  mstances 
of  valleys  and  ravines  formed  entirely  by  the  continued  erosion  of 
water ;  such  is  the  valley  of  Niagara,  between  Queensiown  and  the 
FqIIs.  (See  the  frontispiece  to  the  present  volume.)  Other  instan- 
ces might  tie  cited,  in  which  the  action  of  water  is  equally  evident. 
In  many  cases,  however,  where  water  appears  lo  have  been  tlie  sole 
agent  in  excavating  rocks,  I  am  inclined  to  believe,  that*  an  original 
break  or  fissure  has  greatly  accelerated  the  process.  In  many  broad- 
er valleys,  the  excavation  must  often  have  been  effected  by  more 
powerful  agents  than  any  which  we  perceive  in  present  operation ; 
and  wheh  a  broad  outlet  k  once  made,  the  subsequent  drainage  of  a 
Country  may  work  its  way  to  the  sea  in  a  very  sinuous  course ;  bat 
this  sinuous  course,  do^s  not  prove  that  the  valley  had  been  originaDy 
formed  by  the  river  that  flows  through  it. 

Besides  the  action  of  mountain  torrents,  the  burstings  of  lakes,  and 
the  regular  flowing  of  rIvers)  many  geologists  believe  that  the  exca- 
vation of  valleys,  and  the  transportation  of  loose  rocks',  have  been 
eflfected  by  the  more  powerful  agency  of  the  ocean,  thrown  over 
the  surface  of  the  land  by  the  great  convulsions  that  have  upheav- 
ed mountain  ranges  and  continents.  For  the  benefit  of  the  gedo* 
gical  student,  I  tfhall  endeavpur  to  ^ive  a  brief  outline  of  the  prtDci- 
pal  theories  that  have  been  maintained  respecting  the  formatioo  of 
▼alleys ;  but  the  first  of  these  theories  is  now.  admitted  to  be  un- 
tenable. 

The  formation  of  valleys  has  been  ascribed  to  the  following  caus- 
es : —     •     ' 

1st,  To  the  original  unequal  deposition  of  the  earth's  surface. 

2d,  To  excavation,  by  the  rivers  that  flow  through  them. 

3d,  To  the  elevatiod  or  subsidence  of  part  of  the  earth's  surface. 

4th,  To  excavation^,  caused  Jby  the  sudden  retreat  pf  the  seafixxn 
our  present  continents; 

dth,  To  excavations  by  inundations  or  deluges,  that  have  sudden- 
ly swept  over  the  surrace  of  different  parts  of  the  globe. 

I  shall  notice  the  leading  facts  that  favour  or  oppose  each  of  these 
ffaeories.    Tbe-disappearance  of  large  portions  of  strata  from 
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wbioh  Hbej  have  ooce  evideotly  covered,  is  also  a  pbenomeDa  of  fre* 
quent  occurreoce ;  and  its  explanation  must  be  sought  from  some  of 
tbe  same  causes,  that  have  excavated  valleys.  This  appealnnce  of 
the  strata  is  called  a  denudation. 

Ilie  first  of  the  above  theories  is  that  of  Werner :  be  supposed 
that  all  tbe  matter  of  which  primary,  transition,  and  secondary  rocks 
are  formed,  was  originally  held  in  solution  by  water,  and  that  tbe 
water,  so  saturated  with  mineral  matter,  covered  the  whole  globe. 
Tbe  primary  rocks  of  granite  were  formed  by  chemical  precipitatbn, 
and  their  peaked  summits  and  declivities  were  tbe  result  of  their  ori- 
ginal deposition.  On  the  steep  sides  of  these  primary  mountiaAs  were 
subsequently  deposited  the  different  schistose  rocks,  and  all  the  sec- 
ondary strata.  During  the  time  that  these  rocks  were  depositing, 
the  water,  diough  nearly  saturated  with  mineral  matter,  was  capa- 
ble of  supportitig  animal  life,  and  tbe  shells  and  remains  of  zoophytes 
and  fish,  were- enveloped  in  tbe  strata,  at  the  period  of  their  deposi- 
tion. According  to  this  theory,  when  the  water  retired  from  tbe  pees* 
ent  continents,  the  mountains  and  valleys  were  already  formed^i 

The  theory  of  Werner  requires  for  its  support  the  admissioii  of  con- 
ditions, which  appear  in  the  present  state  of  our  experience  impos- 
sible, and  it  is  at  variance  with  existing  phenomena.  The  vertical 
position  of  beds  of  puddingstone,  sandstone,  and  the  tertiary  strata 
in  the  Alps,  could  not  have  been  their  original  one ;  nor  can  the 
bendiogs  and  contortions  of  the  strata,  so  common  in  Alpine  coun- 
tries, te  explained  by  original  deposition.  A  further  account  of  part 
of  Werner's  theory  is  given.  Chap.  IX.  p.  148.  Werner's  theory  of 
valleys  is  altogether  distinct  from  that  theory  which  ascribes  the  foN 
mation  of  valleys  to  inequaliues  of  tbe  surface,  stUbsequently  enlar- 
ged by  tbe  erosion  of  water. 

Tbe  second  theory,  tbat  all  valleys  have  been  excavated  by  tbe 
rivers  tbat  flow  through  them,  was  maintained  by  Dr.  Button  and 
Professor  Playfair :  it  formed  a  part  of  their  general  theory  o^  tbe 
eaiib ;  tbe  leading  propositions  of  which  are,  that  the  surface  of  tbe 
present  continents  is  wearing  down  by  the  action  of  the  atmosphere 
and  by  torrents,  and  tbat  the  materials  are  carried  by  rivers  into  the 
sea,  and  there  deposited.  At  a  future  period,  these  materials  will  be 
melted  or  consolidated  by  subterranean  heat  under  pressure  of  the 
ocean,  and  subsequently,  by  tbe  expansive  force  of  central  fire,  the 
bed  of  tbe  ocean  will  be  elevated,  and  form  new  continents.  Accor- 
ding to  this  theory,  our  present  continents  have  been  also  formed  from 
tbe  ruins  of  a  preceding  world,  and  elevated  by  a  similar  cause.  It 
IS  only  with  that  part  of  tbe  Huttonian  system,  which  relates  to  tbe 
excavation  of  valleys,  that  we  have  at  present  any  concern. 
.  It  is  remarkable,  that  a  theory  which  maintains  that  the  continents 
were  raised  from  the  ocean  by  subterranean  fire,  should  limit  the  for- 
mation of  valleys  to  the  action  of  the  rivers  that  run  through  them ; 
for  if  the  land  were  raised  by  an  expansive  power  acting  from  be- 
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neatb,  it  se^tns  to  follow  as  a  necessary  coronary,  that  the  sorfrco 
would  be  unequally  elevated  and  broken  inlo  inequalities  by  the  same 
cause ;  unless  we  suppose,  that  every  part  presented  an  equal  degree 
of  resistance  to  the  moving  force. .  There  must,  therefore,  bars 
been  originally,  inequalities  or  valleys,  which  determined  the  direc- 
tion of  the  water-courses  in  the  first  instance,  though  the  forai  of 
these  valleys  may  have  been  subsequently  modified  by  the  action  of 
water.  That  all  valleys  have  been  excavated  by  the  rivers  that  flow 
through  them,  is  opposed  by  many  decisive  facts.  Before  their  ex- 
cavation, the  water  must  have  had  less  force  than  at  present,  as  the 
fall  would  be  gentle ;  and  the  present  efiect  of  rivers  in  large  vaUeys, 
is  not  to  excavate  them  deeper,  hut  to  fill  them  with  alluvial  de» 
positions.  - 

There  are  numerous  deep  valleys  in  the  Alps,  that  are  closed  at 
one  end  by  steep  mountains  .  or  perpendicular  walls  of  rock,  and 
which,  were  originally  closed,  and  are  now  nearly  closed,  at  the  other 
end  also.  Such  are  the  valley  of  Thones,  near  Annecy,  the  vaBey 
of  Cliamouni,  and  on  a  larger  scale,  the  valley  of  Geneva.  It  is 
evident  that  the  valley  of  Thones,  and  that  of  Geneva,  have  once 
been  filled  with  water,  and  formed  li^kes :  by  an  .earthquake,  or  by 
the  erosion  of  water,  a  fissure  has  been  made,  which  has  drained  the 
greater  part  of  these  valleys ;  but  it  is  obviousi  that  the  valleys  couM 
not  have  been  formed  by  .the  original  lakes,  or  by  the  rivers  that 
flowed  into  them.  If  valleys  were  formed  by  the  erosion  of  rivers, 
the  lakes  through  which  these  rivecs  flow,  must  have  long  since  beea 
filled  up  by  the  materials  brought  bto  them.  To  say  that  the  lakes 
were  once  deeper  than  at  present,  is  giving  up  the  theory  |  for  lakes 
are  only  the  <leeper  parts  of  valleys. 

Had  the  valley  of  Borrowdale,  in  Cumberland,  been  excavated 
by  the  water  that  flows  from  it,  the  lake  oC  Keswick,  at  its  entrance, 
must  have  received  all  the  materials,  and  been  long  since  choked  up. 
Or  had  the  valley  of  the  Rhone,  ten  thousand  feet  deep  and  six^ 
miles  in  length,  been  excavated  by  the  Rhone,  the  quantity  of  matter 
brought  down  by  this  river,  would  not  only  have  filled  the  hike  of 
Geneva,  into  which  it  empties  itself,  but  the  broad  valley  in  which 
the  lake  lies,  must  also  have  been  filled  up,  and  raised  to  the  height 
of  the  Jura.  That  tbe  Lake  of  Geneva,  aqd  all  lak^s  into  which 
large  rivers  flow,  are  gradually  filling  up,  has  been  before  stated; 
but  the  valley  of  tbe  Rhone  is  not,  nor  are  other  valleys  becoming 
deeper.  The  upper  part  of  this  valley,  as  before  stated,  has  evt- 
<lently  been  itself  a  lake,  closed  in,  or  nearly  so,  by  tbe  rocks  at 
Martigny. 

The  action  of  torrents  in  Alpine  districts  may  have  been  sufficient 
to  widen  fissures  already  made,  or  to  scoop  out  glens,  ia  the  softer 
beds  on  the  sides  of  mountains ;  but  they  appear  inadeqtiate  to  tbe 
original  formation  of  large  longitudinal  valleys.  Water-courses  nm- 
ning  on  the  edges  of  nearly  vertical  beds,  may  acoop  out  a  portioii 
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of  a  softer  bed,-  placed  between  two  hard  rocks,  and  thus  form  smaB 
bnghudinal  valleys.  I  have  observed  several  instances  of  such  val« 
leys  in  the  Alps,  which  may  probtfbly  have  been  furrowed  by  moun* 
tain  torrents  in  the  course  of  ages.  Some  vallies,  as  Lies  Echelles, 
near  Chambery,  are  closed  at  one  end  by  a  perpendicular  wall  of 
rock ;  through  this  rook  a  tunnel  has  been  cut  for  the  road  :  but  it  is 
impossible  to  conceive,  'that  any  action  of  water  courses  could  have 
formed  such  a  valley.  There  is  only  a  feeble  stream  that  flows  from 
it.*  Malham  Cove,  at  the  head  of  the  valley  of  the  Aire,  in  York- 
shire, is  a  perpendicular  wall  of  limestone  200  feet  high :  at  its  feet 
the  river  rises  ;  but  no  conceivable  action  of  the  river  could  have 
ortgiiiftlly  formed  this  vdlley.  Whatever  extension  we  may  reasonably 
grant  to  the  action  of  rivers,  it  will  not  be  found  sufficient  for  the 
excavation  of  valleys,  except  in  particular  situations. 

The  third  theory,  which  attributes  the  formation  of  valleys  to  the 
elevation  of  mountain  ranges,  appears  to  assign  a  cause,  that  will  ex- 
plain, in  a  simple  manner,  the  formation  of  many  valleys ;  but  on  ex«- 
amination,  it  will  be  found  inadequate  to  explain  the  phenomena  of 
other  valleys,  without  the  concurrence  of  inundations  or  the  action 
of  water. 

If  the  crust  of  the  globe  were  broken,  and  Raised  in  parallel  ridg- 
es, tbey  might  form  mountain  ranges,  with  valleys  between  them, 
like  what  are  observed  bordering  the  central  range  of  the  Alps;  the 
arched  stratification  of  many  of  the  calcareous  mountains,  and* the 
vertical  position  of  the  beds,  favour  this  hypothesis. 

In  some  instances,  where  the  beds  of  a  mountain  are  raised  from 
an  horizontal,  to  a  nearly  vertical  position,  they  would  leave  a  chasm 
proportionate  to  the  part  that  had  been  raised  ;  and  this  might  for^ 
the  bed  of  a  lake.  The  steep  escarpmefnts,  which  the  calcareous 
mountains  in  Switzerland  and  Savoy  present  to  the  lakes  which  they 
border,  indicate  that  the  beds  of  the  lakes  were  formi'd  in  the  hol- 
lows that  had  been  left  by  the  elevation  of  the  mountains.  The  beds 
of  the  mountains  on  the .  side  opposite  to  the  escarpments,  general- 
ly slope  down  to  the  lakes;  hence  M.  De  Luc  inferred,  that  these 
mountains  had  sunk  down,  and  left  the  chasm  which  forms  the  bed 
of  the  lake.  Indeed  it  is  highly  probable,  that  when  the  beds  of  rock 
were  broken  and  elevated  in  one  part,  the  beds  adjoining  would  sink 
down,  leaving  vast  chasms,  which  were  soon  filled  with  water,  and 
formed  lakes.-  It  3eems  quite  certain,  that  the  lakes  in  the  valleys 
of  mountainous  countries,  could  never  have  been  excavated  by  the 
rivers  that  flow  into  them.  The  great  lakes  of  North-America  are 
situated  upon  a  vast  extent  of  table  land,  about  800  feet  above  the 
eea ;  but  the  country  is  so  level,  that  the  rivers  which  flow  into  the 


*  Pot  a  particular  account  of  the  structure  of  this  valley,  see  Travels  in  the 
Tanntaise,  vol.  t  p.  1^.    I  there  ascribe  its  origiaal  formation  to  subsidence. 
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lakes,  and  those  which  empty  themselves  in  the  gulf  <2f  Mexieo,  are 
only  separated  .at  their  sources,  by  elevations  not  exceediog  a  few 
feet,  and  when  swelled  by  rain,  the  northern  and  southera  rivers 
sometimes  interlock.  In  this  plain  there  are  no  mountains.  These 
lakes  were  probably  formed  by  partial  subsidences,  at  the  epoch 
when  the  whole  country  was  upheaved  from  the  ocean.  The  ef- 
forts of  elevation  and  depression  have  been  described  in  the  prece- 
ding chapter. 

Transversal  vallies,  or  those  which  cut  through  mountain  ranges, 
nearly  at  right  angles  to  the  direction  of  the  ranges  they  intersect, 
may  have  been  originally  fissures  or  openings,  made  either  at  the 
period  when  tbe  ranges  were  .elevated,  or  subsequently,  bj  the 
same  causes  that  have  rent  and  displaced  the  secondary  strata. 
These  fissures  may  have  been  afterwards  widened  by  the  erosioo 
of  water. 

Geologists  seem  now  generally  agreed,  that  the  action  of  rivers  is 
not  sufiicient  to  explain  all  the  phenomenipi  of  valleys,  and  still  less 
to  account  for  the  fragments  of  rocks  scattered  over  extensive  plaioS, 
at  anr  immense  distance  from  Alpine  districts,  where  rocks  similar  to 
these  fragments  occur.  Another  phenomenon,  of  more  imporumce, 
is  altogether  inexplicable  by  the  action  of  rivers.  Immense  tracts  of 
the  secondary  5trata,  several  hundred  feet  in  depth,  have  in  somedis^ 
tricts  been  torn  off,  and  the  mateHals  entirely  removed,  except  de- 
tached* patches,  which  here  and  there  Ibrm  isolated  caps  on  distant 
hills }  and  incontestably  prove,  that  they  were  once  parts  of  one  con* 
tinuous  stratum  or  formation.  Numerous  instances  of  this  mieht  be 
cited  in  our  own  island.  It  iis  probable  that  the  beds  of  chalk  that 
form  the  north  and  south  downs  of  Sussex,  once  •extended  over  the 
Wealden  beds.  See  p.  192.  This  local  disappearance  of  a  stra- 
tum or  formation,  has  properly  been  called  Denudation.  The  the- 
ory advanced  by  Mr.  Farey,  to  explain  these  denudations,  was,  that 
the  surface  had  been  broken  and  swept  away,  by  the  near  approach 
of  a  comet.  But  the  most  rational  explanation  that  can  be  o&f^i 
is  that  which  ascribes  the  effect  to  a  mighty  deluge,  sweepmg  over 
the  surface  of  th^  globe,  tearipg  off  part  of  its  crust,  and  transport- 
ing the  fragments  into  distant  regions,  or  into  the  ocean.  Tb^  case 
is  one  which  may  be  truly  said  to  be  dignu$  vindice  nodus,  and  the 
geologist  is  compelled  to  call  in  the  aid  of  Neptune ;  for  nope  of  the 
causes  in  present  activity  (however  we  may  imagine  them  to  be  in- 
creased in  power  or  magnitude.)  will  be  found  adequate  to  produce 
tbe  denudatk>n  of  an  extensive  district,  and  the  disappearance  of  the 
stony  materials,,  by  which  it  was  covered. 

The  fourth  theory,  which  attributes  the  formation  of  valleys  to  tbe 
sudden  retreat  of  the  sea  from  our  present  continents,  is  founded  on 
tbe  admitted  fact,  that  the  sea  has  once  covered  them;  and  wheth- 
er we  suppose  that  the  bed  of  the  ocean  was  deepened  in  one  part 
by  a  sudden  subsidence,  which  drew  off  the  water  from  anotberpart; 


or  that  the  contbeDts  emeii^ed)  by  ao  expansive  force  acting  beoeath 
theiD) — the  effect  oo  the  water  would  be  nearly  the  same.  This  ef- 
fect, in  scoopiog  out  vallevs,  has  been  compared  to  what  may  be  ob- 
served in  Dakuature  "  by  the  drainage  of  the  retiring  tides  on  muddy 
sboreSy  especially  in  confined  estuaries,  where  the  fall  is  considerable 
and  rapid,"  the  water  cutting  out  channels  for  its  passage,  as  it  drains 
ofil  The  retiring  of  the  ocean  suddenly  from  the  present  continents, 
would  be  .a  cause  sufficient  for  the  excavation  of  valleys ;  but  I  have 
stated,  m  the  preceding  Chapter,  the  reasons  for  believing,  that  con« 
tinents  emerged  from  the  oceauf  by  the  long  continued  action  of  en 
upheaving  or  expanding  force. 

The  fifth  theory,  which  ascribes  the  formation  of  valleys,  and  the 
extensive  denudations  of  the  strata,  to  deluges  that  have  suddenly 
swept  over  diflSsrent  parts  of  the  globe,  has  been  maintained  by  Pro« 
fessor  Pallas  and  Sir  James  HalL  The  former  conjectured,  tlial 
the  inundations  that  have  covered  parts  of  the  Asiatic  continent  with 
blocks  of  stone,  beds  of  gravel,  and  marine  remains,  were  occasion- 
ed by  the  formation  of  volcanic  islands  in  the  Indian  ocean.  Within 
the  period  of  authentic  history^  extensive  inundations,  have  been  oe* 
casiooed  by  volcanoes  and  earthquakes^  which  afibrd  probability  to 
the  opmbn  of  Pallas.  In  the  year  1650,  a  new  volcanic  island  rose 
£rom  the  sea  b  the  Grecian  Archipelago ;  and  according  to  the  ae- 
count  of  Kircher,  a  contemporary  writer,  it  occasioned  the  sea  to 
rise  ferty-five  feet  in  height,  at  the  distance  of  eighty  miles,  and  de- 
stroyed the  galleys  of  the  Grand  Signior  in  the  port  of  Candia.  The 
prineipal  damage  done  by  earthquakes  to  ciues  adjoining  the  sea^  ia' 
often  efiected  by  an  enormous  wave;  the  sey,  retiring  from  its  bed  in 
the  first  instance,  suddenly  returns  with  a  prodigious  swell,  and  in  a 
few  moments  rushes  over  the  adjacent  country* 

Sir  James  Hall  has  given  greater  extension  and  consistency  to  this 
roeculatioo.  He  supposes  that  the  upheaving  of  a  large,  island,  like 
Sumatra,  might  take  place  so  suddenlv  as  to  drive  the  ocean  with 
great  impetuosity  over  the  summits  of  the  highest  mountainsi  and 
strip  off  the  glaciers,  and  transport  them  into  distant  countries*  Ice 
bemg  specifically  lighter  than  water,  the  glaciers  would  carry  away 
with  them,  the  blocks  of  stone  that  had  fallen  from  the  impending 
rocks,  and  had  become  encased  in  ice.  This  theory  of  Sir  James 
Hall's  would,  I  conceive,  offer  a  better  explanation  than  any  other, 
for  the  occurrence  of  groups  of  fragments  of  particular  rocks,,  tin- 
mixed  with  fragments  of  other  rocks.  Each  glacier,  loaded  with 
stones  from  the  rocks  above  it,  may  be  regarded  as  a  ship  freighted 
with  specimens  of  its  native  mountains,  which  it  deposits,  by  diaw- 
ing,  in  the  place  where  it  ultimately  rests.  .  Nor  w5uld  a  wave  or 
swell  of  the  sea,  that  had  covered  the  highest  mountains,  suddenly 
sub»de ;  it  would  sweep  repeatedly  over  the  wlxde  surface  of  ttie 
globe,  at  a  lower  and  lower  level  each  time;  breaking  down  oppo- 
sing obstacles,  opening  new  passages  for  the  water,  and  scooping  out 
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valiejs  aod  cols  in  the  softer  beds  SDd  strata.*  On  the  whdeiibs 
theory  of  Sir  James  Hall,  affi>rds  perhaps  the  mosl  satishctory  sx- 
planatioD  of  diluvian  ageocy,  that  has  yet  beeo  advanced.  Bat 
whatever  difficulties  may  oppose  the  admissioo  of  this  or  aoy  other 
theory,  the  fact  that  the  present  contioentB  have  been  subjected  to 
the  action  of  a  mighty  rush  of  waterSi  seems  oonfirmed  by  muxj 
coincident  phenomena. 

Granting  the  agency  of  a  deluge,  or  a  succession  of  deluges,  there 
are  still  phenomena  left,  that  their  action  will  not  satisfactorily  ex* 

Elain.  Inf  the  midland  coundes  of  England, '  for  instance,  diere  ire 
eds  of  gravel,  and  fragments  of  rock,  scattered  over  hills,  that  ire 
not  only  far  distant  from  the  rocks  which  have  supplied  tbefng- 
ments,  but  which  are  separated  from  them  by  deep  valleys,  orer 
which  it  is  suppoised  that  the  fragments  could  not  hi|ve  been  carried, 
bv  any  power  of  diluvian  agency ;  for  in  England,  we  have  M  tbe 
glaciers  to  assist  in  their  transportion.  It  has  not  been  NBagined,  tint 
these  fragments  and  beds  of  gravel,  were  deposited  in  their  present 
positions  before  the  intervening  valleys  were  scooped  out.  But  lof 
suhsequeut  deluge,  sufficiently  powerful  tascoop  out  valleys  must  bare 
swept  away  the  k)ose  stones  on  the  surface. '  Tbe  k)cal  elevation  of 
the  surface  would  appear  to  offer  a  more  satisfactory  explaoatioo. 
The  blocks  of  granite  torn  from  Mont  Blanc  and  the  adjaceotgreo- 
itic  range,  are  scattered  over  the  calcareous  mountains,  and  in  tbe 
vaUeys  of  Savoy  to  the  distance  of  60  miles  or  more,  from  the  pi- 
rent  rocks,  and  some  of  these  blocks  have  traversed  the  Jura  ioto 
France  a  distance  of  100  miles.  Two  hypotheses  have  receody 
been  formed  respecting  them :  the  one,  that  these  blocks  of  granite 
were  thrown  from  the  mountains  by  an  expulsive  force  at  tbe  period 
of  their  elevation ;  the  other,  that  the  calcareous  mouotaias  have 
beeh  subsequently  raised  with  their  k>ad  of  granitic  bk)dt8  upos 
them.    There  are  facts  opposed  to  both  of  these  theories,  which  ap* 

Car  to  render  them  less  sausfactory,  than  that  of  Sir  Jaiaes  HiB 
fore  stated. 

If  any  readers  of  this  volume  should  visit  Geneva,  I  would  ree- 
ommend  them  to  devote  a  day  to  visiting  the  inountakis  called  die 


*  Those  depressions  in  a  ranee  of  mountains  which  ofTer  the  easiest  access  ii 
croenng  fh>m  one  valley  to  anotner,  ar^  in  the  Alps  called  Otis.  I  obserred  thil 
these  cols  were  all  in  the  soAest  beds ;  and  their  formatioD  admits  of  an  tasfcx* 
planatioa  hy  diluvial  action.  See  Plate  II.  fig.  2.  "  A  range  of  moontains,  vith 
their  beds  highly  elevated,  is  extended  from  aiodd.  Alee  the  beds  are oi  verf 
aOft  slate  or  shale,  whiehhas  been  excavated  so  as  to  offer  a  passage  overtht 
range,  though  the  highest  part  is  several  thoosand  feet  above  the  valley.  Sacb  it 
the  Col  de  Balm  above  Chamouni.  The  beds  probably  extended,  at  the  period  of 
their  elevation,  ta  the  direction  of  the  dotted  lines.  These  cois  conla  not  be 
formed  by  rivers,  as  very  UtUe  water  flows  firom  ^lem.  The  vali^  of  Derven^ 
(see  Plate  IV.  fig.  i.  between  the  hills  3  and  6,)  was  evidently  formed  by  the  ero- 
sion of  water,  and  not  by  the  elevation  of  its  sides ;  as  tlie  beds  on  eacn  side  are 
the 
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Great  and  Little  Salete,  in  Uie  immediate  Ticmity  of  that  city. 
They  preaent  their  ateep  eaearpmeots  of  limeatone  to  the  valley  of 
the  Rhoee,  but  sbpe  down  on  the  south  aide  to  the  valley  of  the 
Arre.  On  this  southern  side  may  be  seen,  oot  the  remains  of  an 
aociem  temple  or  city,  but  the  magnificent  ruins  of  mighty  mountains 
and  the  monuments  of  an  overwhelming  catastrophe,  which  trans- 
ported these  ruins  into  their  present  situation.  The  snow-clad  moun«- 
tains  from  which  they  were  torn  rise  magnificently  to  the  view, 
though  6ftj  miles  distant.  On  the  Little  Saleve,  at  the  height  of 
fourteen  hundred  feet  above  the  valley,  are  scattered  numerous 
blocks  of  granite  of  vast  size,  not  at  all  water-worn^  and  almost  as 
fresh  as  if  recently  torn  fit>m  their  parent  mountains;  they  are  of 
that  kind  of  granite  called  Protogene,  in  which  talc  or  cbbrite  is  one 
of  the  component  parts,  and  are  identical  with  the  granite  of  Mont 
Blanc,  while  the  Saleve  on  which  they  lie^  and  the  surrounding 
mountains  are  calcareous.  On  the  Great  Saleve  adjoining,  there  is 
one  bk>ck  of  this  granite  seven  feet  in  length,  and  at  the  height  of 
2500  feet  above  the  valley.  Saussure  has  remarked,  that  these 
blocks  are  not  broken  or  shattered  as  they  would  have  been,  had 
they  been  hurled  with  violence  from  the  Alps;  neither  do  the  liilie- 
stone  strata  beneath  them  present  any  appearance  of  having  been 
iractured  or  indented  by  their  fall :  on  the  contrary  the  blocks  lie 
upon  the  surface.  Two  of  these  blocks  of  granite  rest  upon  pedes- 
tals of  limestone,  a  few  feet  above  the  general  level  of  the  ground. 
The  blocks  have  evidendy  protected  the  limestone  beneath,  them 
from  disintegration,  and  thus  would  serve  as  chronometers,  to  indi- 
cate the  period  wlien  th6y  were  deposited,  could  we  ascertab  the 
ihickneas  of  surface  worn  away  in  a  given  time. 

I  olMerved  a  few  of  the  blocks  were  cracked,  but  this  was,  in  all 
robabili^,  efiected  by  the  percolation  of  water,  and  its  expansion 
ly  fipost.  Another  circumstance  pointed  out  by  Saussure  is,  that 
tfaeae  blocks,  in  their  passage  from  the  Alps,  appear  to 'have  taken 
the  course  of  the  present  valleys,  and  where  they  have  been  carried 
as  iar  te  the  Jura  chain,  they  rest  at  various  heights  on  the  sides  of 
that  range  of  mountains,  exactly  opposite  to  the  mouths  of  the  Alpine 
▼alleys.  Saussure,  however,  supposes,  and  with  much  probability, 
that  the  whole  of  the  ,valley  of  Geneva,  and  the.  valleys  that  run 
from  the  Alps,  and  all  the  lower  mountains  of  Savoy,  were  covered 
by  the  sea  at  the  period  when  the  great  catastrophe  took  place,  and 
that  die  rocks  were  torn  off,  and  transported  by  a  sudden  rush  of  wa- 
ters. He  fimher  supposes,  that  the  specific  gravity  of  the  blocks 
beiog  dimtnidied  by  the  medium  in  which  they  were  borne  along, 
thej  might  be  carried  to  a  great  distance  by  the  vblence  of  the  cur- 
rent, and  deposited  at  considerable  altitudes.  The  floating  of  Al- 
pine glaciers  loaded  with  fragments  of  rock,  would  perhaps  better  re- 
move the  difficultv  attending  the  explanation  of  these  occurrence|;i 
at  the  height  of  fifteen  hundred  feet  and  more  above  the  valleys. 
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That  these  vaBejrs  were  fonned  befin^  the  tfansportatioii  of  the 
granite  blocks,  seems  eWdeot  from  the  ckcumstance  before  stated, 
that  the  blocks  occur  in  groups,  opposite  to  die  emboucbnres  of  ail 
the  Alpine  valleys,  Aat  open  into  the  great  valley  of  Geneva.  These 
valleys  or  depressions,  were  therefore  formed  before  the  country 
emerged  from  the  ocean,  not  by  the  eronon  of  rivers,  but  by  the  ele- 
vation and  fracture  of  the  beds  on  each  side.  The  summits  of  the 
mountains  that  border  the  present  valleys  may  have  directed  the 
course  of  the  rush  of  water  by  which  the  blocks  were  tranqx>rted. 
The  valley  of  the  Arve,  in  the  upper  part  has  evidently  been  a  lake 
or  series  of  lakes,  originally  formed  by  elevation  and  depression :  the 
waters  have  cut  passages  through  the  barriers  of  these  lakes  at  a 
subsequent  period,  and  the  river  Arve  has  afterwards  cut  through 
the  deep  mass  of  sand  and  rounded  stones,  that  fill  the  bottom  of  the 
kwer  part  of  the  valley,  from  Bonneville,  to  the  junction  of  the  Arve 
with  the  Rhine.  The  transportation  of  the  granite  blocks  was  pos- 
terkir  not  only  to  the  original  formation  of  the  Alpine  vall^s,  but  also 
todc  place  at  a  later  period  than  the  deposition  of  the  deep  mass  of 
sand  and  rolled  stones,  that  forms  the  bed  of  the  lower  part  of  these 
valleys,  for  the  blocks  often  rest  upon  it.  Blocks  of^  similar  graaite 
mav  be  seen  in  the  lake  of  Geneva  between  that  city  and  T&kk», 
which  indicate  that  this  part  of  the  lake  has  undergone  no  great 
change,  since  these  blocks  were  deposited.  The  transportation  of 
the  granite  blocks  appears  to  have  been  etkcted  suddenly ;  but  the 
rounded  blocks  and  sand  at  the  bottom  of  the  valleys,  must  have 
been  long  subjected  to  the  violent  agitation  of  water. 

There  are  numerous  instances  -of  transported  masses  of  rock, 
scattered  over  our  own  island,  and  various  parts  of  the  continent, 
but  none  of  them  appear  so  immediately  to  elucidate  the  enquiry 
respecting  the  origin  of  vaHeys,  as  the  granite  blocks  In  Savoy,  and 
on  the  Jura.  Seated  on  the  side  of  a  mountain  among  a  group  of 
these  blocks  (as  on  the  Saleve,  near  Geneva ;)  you  may  see,  at  the 
same  time,  tlie  distant  rocks  from  which  they  were  torn,  the  valleys 
or  depressions  along  which  they  have  been  trasported,  and  the  orig- 
inal situations  on  which  they  were  deposited,  and  where  they  remain 
and  may  probably  continue  till  another  revolution  of  the  globe.  By 
whatever  force  the  granite  was  torn  from  the  nearly  vertical  beds  of 
the  Alps,  the  same  force,  acting  on  the  level  secondary  strata,  m%bt 
tear  off  a  large  extent  of  surface  and  uncover  the  lower  beds :  this  is 
what  is  understood  by  a  denudation. 

The  geological  student  is  requested  to  observe  that  though  I  have 
denominated  these  transported  masses  of  rock  in  Savoy,  granite 
blocks,  because  they  are  principally  granite,  yet  blocks  of  tbe  odier 
Alpine  rocks  are  also  frequently  intermixed  with  them.   ' 
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CHAPTER  XXIV. 

OK  THS  AKCUBNT  TEMPEBATUU  09  TB^S  SABTH.— -ON  GKRTBAL 
BEAT,  AND  ON  ASTEONOMICAL  PHENOKI^NA  ILLUSTBATIYE.  Ot 
OBOUMaiCAL  THE0BIE8.— -CONCLUSION. 

It  is  now  generally  admitted  bj  geologists,  that  the  temperature 
of  the  earth  was,  at  a  former  epoch,  at  least  in  northern  latitudes, 
much  higher  than  at  present    The  facts  on  which  this  opinion  is 
founded  are  very  numerous,  but  they  are  dependent  chiefly  on  the 
ofganic  remains  found  in  a  fossil  state*    The  animal  remains  of  the 
]aige  mammalia,  such  as  the  elephant,  the  rhinoceros,  and  hippopo- 
tamus, are  abundant  in  some  of  the  tertiary  and  diluvial  beds.    The 
bones  and  teeth  of  elephants  in  Siberia,  and  the  borders  of  the  Icy 
Sea,  are  «o  numerous^  that  it  is  evident  the  animals  must  once  have 
existed  in  immense  multitudes  in  these  high  latitudes.    On  the  Oys- 
ter Bank,  off  Hasburgh,  on  the  Norfolk  coast,  many  hundred  grind- 
ers of  elephants  have  been  found,  and  a  vast  quantity  of  their  bones. 
(S.  Woodward^i  Syn.  Tab.)    Teeth  of  the  elephant  have  also  been 
round  in  almost  every  coun^  in  England,  and  in. all  the  northern 
kingdoms  of  Europe.    Remains  of  lizards  of  enormous  size  occur 
in  many  of  the  English  strata :  thiese  animals,  in  a  peculiar  manner, 
seem  to  require  a  high  temperature  for  their  full  devebpment* 
'  The  fossil  remains  of  vegetables  prove  the  high  temperature  of 
the  countries  in  which  they  flourished,  more  decidedly  than  animal 
remains.    Fossil  trunks  and  leaves  of  the  palm  tree,  the  tree-fern, 
and  of  gigantic  reeds,  analogous  to  what  are  now  growing  in  equa- 
torial cUmates,  abound  in  the  coal  strata  of  northern  latitudes.    It 
may  be  objected,  that  the  large  mammalia,  (such  a^  the  elephant  or 
hippopotamus,)  bekng  to  the  order  of  Pacbydermata,  or  thick-skinned 
animals,  and  like  the  pig,  which  belongs  to  that  order,  might  be  Con- 
stituted for  living  both  in  polar  and  equatorial  regions.    Indeed,  it  is 
known,  that  some  of  the  fossil  elephants  had  a  covering  of  hair  or 
wool,  which  must  have  been  intermixed  as  a  defence  against  cold. 
A  race  of  elephants  with  shaggy  hair,  (according  to  Bishop  Heber,) 
inhabit  the  cool  regions  of  the  Himmalaya  Mountains.    From  the 
remains  of  these  large  mammalia  alone,  we  could  not  therefore  prove 
the  high  former  temperature  of  northern  laitudes.    But  these  ani« 
mals  would  require  a  constant  supply  of  food  throughout  the  year, 
which  they  could  scarcely  obtaih  in  a  frozen  climate ;  and  when  we 
farther  observe,  that  the  vegetation  of  the  ancient  world  was  analo- 
gous to  the  vegetation  of  the  warm  regions  which  the  elephant  and 
the  rhinoceros  now  chiefly  inhabit,  we  can  scarcely  refuse  our  assent 
to  the  position,  that  the  temperature  of  the  earth  at  a  former  period 
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was  much  higber  than  at  present.  In  addition  to  thisy  we  have  io  our 
scrata,  the  fossil  bone»of  enormous  amphibious  reptiles,  and  the  diefls 
of  marine  animals  Yike  the  nautili,  that  exist  at  present  in  equatorial 
seas :  we  thus  obtain  an  accumulation  of  evidence,  both  from  the 
water  as  well  as  the  land,  in  proof  of  the  same  position.  The  pres- 
ent temperature  of  the  earth  appears  to  be  dependent  on  two  causes^- 
the  radiation  of  heat  from  the  sun,  and  internal  fire.  That  the  tem« 
perature  of  difierent  latitudes  is  in  a  considerable  degree  dependent 
on  solar  radiation  will  not  be  disputed :  it  increases  with  the  increase 
cf  liie  sun's  meridian  altitude  as  we  advance  towards  the  equator, 
and  tt  increases  and  decreases  in  the  same  latitude,  with  the  increase 
and  decrease  of  the  sun's  altitude  in  difierent  seasons.  The  tem- 
perature of  different  countries  in  the  same  parallels  of  latitude  b 
very  much  modified  bj  various  causes:  between  the  tropics,  at  the 
lieight  of  about  fifteen  thousand  feet,  we  meet  with  eternal  snow. 
In  the  Swiss  and  Savoy  Alps,  the  line  of  perpetual  congelation  is 
about  seven  or  eight  th6usand  feet :  yet  in  the  canton  of  the  Vallais, 
the  upper  valley  of  the  Rhine,  surrounded  by  snow-chd  mountains, 
u  subjected  to  an  oppressive  heat  in  the  summer  months*  Thus, 
differenoe  of  elevation  has,  in  all  latitudes,  a  certain  effect  on  tem* 
perature.  • 

Large  elevated  continents  in  high  latitudes,  greatly  decrease  the 
temperature  of  the  air,  by  presenting  a  great  surface  of  snow  and 
ice  to  the  atmosphere.  On  the  contrary,  near  the  equator,  large 
.continents  raise  the  temperature  greatly,  by  the  constant  radiation  of 
heat  from  the  ground.  The  ocean,  in  dififerent  seasons,  preserves  a 
more  uniform  temperature  than  the  land ;  hence,  islands  surrounded 
by  large  seas,  possess  a  more  e<}ual  temperature  throughout  tbe  year, 
than  continents  in  the  same  latitudes.  The  lines  of  equal  tampera- 
twre  (called  isothermal  lines)  are  not  parallel  to  tbe  lines  of  latitudes, 
as  they  would  be,  were  temperature  not  aifected  by  the  causes  before 
staled.  Qaebec,  with  its  Siberian  wmter,  is  nearly  in  the  same  pai^ 
alkl  of  latitude  as  Rochelle,  in  France,  and  is  not  two  degrees  north 
of  the  latitude  of  Bourdeaux;  a  difierence  not  greater  than  betireen 
London  and  Nottingham,  which  m  this  country  produces  scarcely  a 
peroepdble  efiect  on  the  climate.  In  some  countries,  the  summer 
temperature  is  much  greater  than  that  of  other  countries  in  the 
same  parallel  of  latitude,  yet  the  average  annual  heift,  or  what  b 
called  the  mean  temperature,  as  measured  by  the  thermometer,  is 
ihe  same  in  both ;  because,  though  tbe  summers  may  be  hotter,  the 
winters  are  proportionally  colder,  which  redui^s  the  average  temper- 
atuie  to  an  equality.  But  though  the  mean  temperature  may  be  the 
same,  the  greater  periodical  increase  and  decrease  of  temperature  in 
one  country  than  in  the  other,  occasion  a  considerable  difibrence  in 
the  vegetation.  If,  on  a  good  map,  we  examine,  in  the  same  paraDel 
of  latitude,  two  situations  which  possess  very  diflferent  degrees  of 
temperature,  we  may  generally  observe  a  variation  in  the  relative 
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poitioD  of  land  and  water,  which  may  serve  in  a  considerable  degree 
to  explain)  why  one  situation  should  enjoy  more  heat  than  the  other. 

Mr.  Lyell  has  advanced  a  theory  respecting  the  former  high  tern* 
perature  of  northern  latitudes,  in  which,  by  many  local  iUustrations 
and  ingenious  arguments,  he  attempts  to  prove,  that  a  great  change 
in  the  relative  position  of  the  land  and  sea,  v^ould  be  sufficient  to  ac*> 
count  for  the  excess  of  the  former  temperature,  over  that  now  en- 
joyed in  northern  regions.  He  states  two  extreme  cases,  which^ 
could  they  ever  occur,  must  produce  an  important  change  m  the  cli- 
mate of  Europe.  Were  the  land  between  the  tropics  to  be  sub- 
merged under  the  ocean,  and  an  equal  portion  of  mountainous  land 
to  be  raised  in  the  polar  circles,  the  cold  of  those  regions  would  be 
much  increased,  and  the  heat  between  the  tropic^  would  be  verr 
greatly  diminished ;  by  the  joint  operation  of  these  causes,  the  ch- 
mBte  of'  the  southern  parts  of  Europe  might  become  as  cold  as  that 
of  Siberia.  Od  the  contrary,  were  all  the  land  in  high  latitudes  to 
be  submerged,  and  an  equal  quantity  of  land  to  be  raised  above  the 
sea,  near  the  equator,  the  mean  temperature  of  a  great  part  of  Eu- 
rope might  be  sufficiently  increased,  to  support  the  vegetation  of 
tropical  climates.  The  theory  of  Mr.  Lyell  is  entirely  original^  and 
throws  much  light  on  the  causes  which  afl^t  the  climate  of  various 
Goumries  in  the  same  parallels  of  latitude ;  and  could  we  grant  that- 
the  change  of  land  and  sea  had  ever  been  so  complete  as  what  he 
has  imagined,  the  conclusions  deduced  thisrefrom  would  be  undeni- 
able :  but  so  many  conditions  are  required  to  e&ct  such  extreme 
changes,  that  we  Ynust  regard  their  occurrence  as  merely  possible, 
and  La  Place,  in  his  **E99'ai  Philosophique  iur  les  PrababuUisj^  has 
shown,  that  between  events  which  are  merely  possible,  and  those 
which  the  philosopher  should  regard  as  probable,  there  is  an  almost 
immeasurable  interval.  Nor  can  the  theory  of  Mr.  Lyell  be  well 
recoDciled  *  with  the  occurrence  of  the  remains  of  such  immense 
mulmudes  of  tropical  animals  and  plants,  in  countries  bordering  the 
arctic  circle,  because,  to  increase  the  temperature  of  Europe  in  a 
considerable  degree,  'the  theory  would  require  all  the  land  in  high 
northern  latitudes  to  be  submerged ;  but  this  is  precisely  the  very 
land  on  which  the  elephants  flourished. 

The  cause  which  has  eflTected  a  change  in  the  temperature  of  the 
earth,  must  probably  be  sought  for,  either  in  the  earth  itself,  or  ii> 
some  change  in  its  orbit,  or  in  the  relative  position  of  its  axis.  Did 
the  severe  laws  which  analysis  and  observation  have  established  in 
astronomy,  allow  the  geologist  to  admit  a  slow  revdlution  of  the  globe,.. 
round  two  opposite  points  of  the  present  equator,  each  part  of  the 
earth  would  in  succession  be  brought  between  the  tropics ;  and  if 
we  could  suppose  the  axis  of  diurnal  rotation,  to  preserve  the  same 
inclination  to  the  ecliptic  as  at  present^  we  should  have  all  the  een- 
ditions  required,  for  explaining  the  former  high  temperature  of  polar 
reg^OQi.    The  spheroidal  form  of  the  globe  appears,  however>.u> 
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preclude  the  admissbn  of  thb  hjpodmis ;  dot  does  it  derive  tojr 
support  from  a&tronomical  absenratioos  continued  for  3000  yean. 

Even  an  increase  of  the  obliouity  of  the  earth's  axis  to  tb^  ecliptic, 
without  any  othen  change,  would  produce  a  great  effect  in  the  climate 
of  northern  latitudes,  by  increasing  the  summer  beat ;  but  the  win- 
ters would  be  colder  than  at  present.  There  is,  indeed,  an  anDoal 
change  m  tbe  obliquity  of  the  ecliptic,  but  it  appears  to  be  confined 
within  limits  too  3mall  to  produce  a  sensible  efl«ct  on  the  tempenK 
ture  of  any  part  of  the  globe.  The  effects  that  might  be  pcoduoed 
by.  a  change  of  the  earth^s  orbit  remain  to  be  noticed. 

A  change  in  the  form  of  the  earth's  orbit,  if  considerable,  oiigfat 
change  the  temperature  of  the  earth,  by  brmging  it  nearer  to  the  sub 
in  one  part  of  its  course.  The  orbit  of  the  earth  is  an  eUipsis,  ap- 
proaching nearly  to  a  circle  i  the  distance  from  the  centre  of  tfaie  o^ 
bit,  to  either  focus  of  the  ellipsis,  is  called  by  astronomers  tbe  ^'«e- 
centficUy  rf  the  arbii"  This  eccentricity  has  been  for  ages  slovriy 
decreasing,  or  in  other  words,  the  orbit  of  the  earth  has  been  ap« 

E reaching  nearer  to  the  form  of  a  perfect  circle )  after  a  long  period 
will  again  increase,  and  the  possible  extent  of  the  variation  has  not 
been  yet  ascertained.*  Ftoxn  what  isr  known  respecting  the  orbits  of 
Jupiter  and  Saturn,  it  appears  highly  probable,  that  the  eccentricity 
of  the  earth's  orbit,  is  confined  within  limits,  that  preclude  tbe  beM 
of  any  great  change  in  the  mean  annual  temperature  of  tbe  globe 
ever  having  been  occasioned  by  this  cause.f 

The  heat  firom  solar  radiation,  may  possibly  have  been  greater  in 
remote  ages  than  at  present.  Sir  Wm.  Herschel  inferred,  from  the 
variable  spots  on  the  sun,  that  the  mean  temperature  of  the  earth  was 
increased  or  decreased  in  certain  years ;  or,  in  other  words,  that  the 
earth  received  an  unequal  annual  supply  of  heat  from  the  sun.  We 
have,  however,  no  data  from  which  to  ascertain  that  there  has  ever 
been  any  considerable  change  of  temperature  efiected  by  this  cause ; 
to  appeal  to  the  high  former  temperature  of  the  globe  m  proof  of  it, 
would  he  to  substitute  vague  hypothesis  in  the  place  of  facts. 

Beside  solar  radiktioo,  it  is  believed  bv  many  pbilooophen,  that 
there  is  a  source  of  subterranean  heat  within  the  earth  itself;  ibis 
opinion  is  by  no  means  new,  but  it  appears  to  have  received  support 
from  numerous  observations  and  experiments  made  m  a  compara- 
tively recent  period.    The  evidence  by  which  the  theory  of  centnl 


•  Sir  J.  W.  Herschel}  in  a  paper  on  tbe  subject  read  to  the  Greological  Societj, 
states  that  a  variation  m  the  eccentricity  of  the  earth's  orbit,  from  the  diealir 
form  to  that  of  an  ellipse,  having  an  eccentricity  of  one  fourth  of  the  major  aiis, 
voald  produce  only  an  increase  of  3  per  cent  in  the  mean  annoal  amount  of  solir 
radiation. 

t  Un  autre  ph^nom^ne  ^alement  remarquable  du  syst^me  aolaire.  est  k  pea 
d*eocentricit6  desorbes  des  plan^tes  et  des  satellites,  tandis  que  ceux  des  cometes 
sont  tr^is-allongib.  Nous  sommes  encore  forces  de  reconnaitre  icl  Teffet  dhme 
cause  r&gulidre,  le  hazard  n'eut  point  donn^  une  forme  presqae  circulaire  auz 
orbes'de  toates  les  pUadtet  et  de  leors  satellites.''— La  Place,  atr  k$  Prth^UiUs. 
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hmi  is  8UpiKMte4»  is  iemed  first,  from  tbe  occarreoGe  of  volcanie 
fires  ID  aimost  e^eiy  degree  of  latitude  north  or  south  :  secoodty, 
from  submarine  volcaooes :  thirdly,  from  the  occulrrence  of  numer- 
oas  thermal  springs  iii  countries  remote  from  active  volcanoes :  lastlj, 
from  direct  experiments  made  on  the  temperature  of  the  earth,  at 
vaiious  depths  in  mines,  and  by  sinking  and  boring  into  the  earth. 

Whether  there  exist  a  mass  of  heated  matter  under  the  whde  sur- 
face of  the  globe  may  be  uncertain ;  but  that  there  is  subterranean 
fire,  under  a  considerable  extent  of  the  surface,  can  scarcely  be 
doubted.  The  volcanoes  that  are  thickly  scattered'  over  both  the 
northern  and  southern  hemisphere,  the  long  period  of  their  activUr, 
and  the  connection  that  appears  to  subsist  between  the  volcanoes  m 
distant  districts  (see  Chap.  XVIII.),  prove  tbe  depth  and  extent  of 
the  source  of  volcanic  fire.  The  volcanoes  that  break  out  from  un- 
der the  sea,  and  overcome  the  vast  pressure  of  the  incumbent  ocean, 
farther  indicate,  that  the  explosive  lorce  is  situated  at  ar  great  depth. 
Thermal  waters,  prove  the  extensive  eflfects  of  subterranean  heat; 
fi>r  though  many  hot  springs  rise  in  volcanic  districts,  and  are  prop- 
erly a  part  of  volcanic  phertomena,  yet  other  thermal  waters  are  far 
removed  from  any  active  volcanoes.  Some  hot  springs  have  flpwed, 
without  any  known  diminution  of  temperature,  for  nearly  two  thou- 
sand years ;  this  is  the  case  with  the  waters  of  Bath,  ,whicb  have  no 
volcanoes,  nearer  to  them,  than  those  in  Iceland  and  the  south  of 
Italy.  That  thermal  waters  derive  their  temperature  from  a  deep- 
seated  internal  source  of  heat,  and  not  from  any  local  cause,  or  from 
chemical  changes  near  the  surface,  is  rendered  probable  by  various 
circamstances.  In  many  of  these,  waters  there  is  scarcely  any  nd- 
raixtureof  saline  or  mineral  matter,  which  there  would  be,  were  the 
heat  derived  from  chemical  decomposition.  Most  warm  springs'are 
situated  near  to  crystallized  primary  rocks,  or  to  basaltic  rocks  or 
dykes,  as  I  observed  to  be  the  case  in  the  Alps.  Hot  springs  oAen 
rise  among  the  loftiest  mountain  ranges  in  Asfa  and  America.  The 
temperature  of  thermal,  waters  in  low  situations,  is  frequently  reduced 
by  admixture  with  cool  springs  near  the  surface,  and.  this  I  believe  to 
be  the  principal  cause  why  thermal  waters  so  rarely  rise  in  the  upper 
secondary,  strata,  as  I  have  more  fully  stated  in  'an  account  ot  the 
thermal  waters  of  the  Alps.  (See  ^pperidix.)  It  could  scarcely 
have  been  expected,  that  an  enquiry  relating  to  the  temperature  of 
the  central  part  of  our  planet,  could  be  brought  within  the  limits  of 
human  observation  and  experiment,  as  the  depth  to  which  we  can 
explore  by  boring  or  by  excavation,  bears  so  inconsiderable  a  pro- 
portion to  the  diameter  of  the  earth ;  yet  from  numerous  observations 
on  the  temperature  of  the  earth  in  deep  mines,  and  from  experi- 
ments on- the  temperature  of  water  ^t  diflferent  depths,  it  would  ap- 
pear, that  this  temperature  increases  in  a  ve(ry  remarkable  degree, 
as  we  descend  lower  from  the  surface.  In  France,  the  subject  has 
been  recently  investigated  lirith  considerable  activity,  and  the  prac- 
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tice,  .which  is  becoming  general  in  that  country,  of  bbring  for  water, 
to  form  what  are  called  Artesian  wells,  has  greatly  facilitated  the  in- 
vestigation.* 

M.  Cordier  has  particularly  directed  bis  attention  to  this  subject, 
and  from  numerous  experiments  made  by  himself  and  others  in  mines 
and  Artesian  wells,  he  has  drawn  the  following  concjusions  : — Ut. 
that  there  exists  a  subterranean  heat  in  the  terrestrial  globe  inde- 
pendent of  solar  radiation,  and  which  increases  rapidly  with  the 
depth : — ^2nd.  that  the  increase  of  heat  does  not  follow  the  same 
line  in  all  partsof  the  earth;  indeed,  he  supposes  the  differences 
may  be  twice  or  three  times  as  great  in  one  country  as  in  another :— * 
3rd.  these  difierences  are  not  in  constant  rejation  with  the  longitudes 
and  latitudes  of  places  where  the  experiments  have  been  m^de  :7— 
4th.  that  the  heat  increases  with  the  increase  of  depth,  in  a  much 
greater  degree  than  was  previously  believed*  M.  Cordier  farther 
maintains,  that  there  is  a  source  of  intense  heat  in  the  earth,  and  that 
the  external  ci:ust  may  be  from  50  to  100  miles  in  thickness,  and 
that  all  within  this*  crust  is  a  mass  of  melted  matter :  that  originally 
the  whole  globe  wa^  an  entire  mass  of  melted  matter  befoi'e  the  ex* 
ternal  crust  became  solid,  by  throwing  out  its  heat  into  space ;  and 
that,  in  this  manner,  the  solid  crust  is.constiuitly  growing  thicker, 
aad  the  internal  heat  diminishing. 

The  spheroidal  form  of  the  earth  indicate&  an  original  state  of 
fluidity,  and  whatever  might  be  the  tenacity  of  the  fluid  matter,  the 
rapid  rotation  of  the  earth  on  its  axis,  woi^ld  swell  out  the  equatorial 
parts,  and  form  a  spheroid  of  rotation.  Intense  heat  appears  to  be 
the  only  natural  agent  we  are  acquainted  with,  that  could  retain  the 
mass  of  the  earth  in  a  fluid  state  :— farther,  the  granitic  crust  of  the 

Irlobe  most  probably  owes  its  crystalline  structure  to  sk)w  refrigeratioa 
rom  a  state  of  igneous  fusion.  Thus  both  the  form  of  the  etnb, 
and  the  structure  of  its  crystalline  crust,  are  favorable  to  the  theory 
of  central  heat.  If  this  theory  can  be  established,  it  will  offer  a  sat* 
isfactory  explanation  of  the  former  high  temperature  of  the  globe, 
and  of  its  subsequent  progressive  refrigeration  : — also  of  another  cir- 
cumstance equally 'remarkable;  for  it  would  appear,  froHv  the  fossil 
remains  of  vegetables  in  different  latitudes,  that  ev^ry  part  of  the 
globe  once  enjbyed  nearly  the  same  degriBe  of  heat ;  the  cause  of 
this  equality  must  have  been  independent  of  solar  radiation,  .and  de- 
rived from  the  earth  itself.  There  are  certainly  numerous  circum-r 
stances  that  favour  the  theory  of  central  heat,  but  it  must  be  coo- 


% 
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♦  Boring  for  Artesian  wells  has  become  general  in  many  parts  of  luUy  and 
Germany.  In  France,  it  is  found  that  the  average  increase  of  heat,  abore  the 
mean  temperature  of  the  surface,  is  about  one  degree  of  Fahrenheit's  thermome- 
ter, for  every  forty-five  feet  in  depth  ;  or  one  degree  of  the  centigrade  scale,  for 
twenty-five  metres:  but  this  is  liable  to  variation  of  increase  or  decrease  in  differ- 
ent situati,ons.  For  a  further  account  of  the  temperature  of  mines  and  weJlssec 
Appendix. 
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fessed,  that  it*  is  also  accompanied  with  difficulties  not  easily  to  be 
removed^    ' 

If  the  earth  be  composed  of  a  solid  crust  or  shell  surrounding  a 
fluid  mass,  this  internal  fluid  would  be  subjected  to  the  attraction  of 
the  sun  and  moon,  or,  in  other  words,  would  have  its  regular  tides. 
We  are  not  acquainted  with  any  counteracting  influence,  to  prevent 
the  impulse  of  these  tides  upon  the  solid  shell.  I  am,  however,  fullj 
persuaded,  that  the  internal  parts  of  the  earth  do  not  consist  of  an  as- 
semblage of  chaotic  elements,'  but  that  they  are  arranged  With  as 
much  wisdom  as  the  parts  of  the  external  universe,  and  that  the 
earth  itself  is  the  vast  laboratory,  in  which  were  prepared,  according 
to  definite  laws,  all  the  mineral  substances  found  on  its  surface,  and 
in  which  are  now  preparing  the  elements  of  future  changes.  There 
ii  one  difficulty  attending  the  theory  of  central  beat,  noticed  by  Pro- 
fessor Sedgwick,  which  it  may  be  proper  to  state.  "  If,"  says  he, 
^'during  any  period  the  earth  has  undergone  any  considerable  re- 
frigeration, it  must  also  have  undergone  a  contraction  of  dimensions ; 
and  also,  as  a  necessary  consequence  of  a  well-known  mechanical 
law,  an  acceleration  round  its  axis  :  but  direct  astronomical  observa* 
tions  prove,  that  there  has  been  no  sensible  diurnal  acceleration  dur- 
ing the  last  2000  years ;  and,  therefore,  during  that  long  perio(), 
there  has  been  no  sensible  diminution  in  the  mean  temperature  of 
the  earth.  Thi^  difficulty  does  not,  hoi^ever,  entirely  upseVthe  pre- 
vious hypothesis ;  it  only  proves,  that  the  earth  ha()  reached  an  equi- 
librium of  mean  temperature,  before  the  commencement  of  good  as- 
tronomical observations.'* 

If  the  terrestrial  globe  has  ever  been  a  fluid  ignited  mass,  it  is  ob- 
vious that  the  atmosphere  must  have  undergone  great  changes  during 
the  progress  of  refrigeration'.  In  the  original  ignited  slate  of  the 
earth,  all  the  aqueous  particles  that  forn^  the  ocean;  ahd  all  the  more 
volatile  mineral  substances,  would  have  existed  in  the  form,  of  va- 
pour, and  have  constituted  a  nebulous  medium  of  vast  extent,  resem- 
bling the  atmosphere  of  a  comet,  or  the  nebulosity  surrounding  the 
newly-discovered  planets,  Juno,  Ceres,  and  Pallds.  .  By  progressive 
refrigeration,  the  volatile  mineral  matter  would  be  concreted,  and  the 
aqueous  particles  precipitated,  until  the  constituticfti  of  the  atmos- 
phere became  fitted  for  the  support  of  animal  life.  It  is  not  improb- 
able, that  the  animals  of  the  earliest  creation,  might  have  been  con- 
stituted to  breathe  a  denser  atmosphere  than  the  present  one.  Such 
an  atmosphere  would,  in  a  considerable  degree,  equalize  the  mean 
temperature  of  the  earth  ;  and  the  excess  of  moisture  and  of  carbo- 
nic acid  gas,  would  also  be  favourable  to  the  rapid  development  of 
vegetation. 

In  stating  these  hypotheses,  irfy  only  object  has  been  to  suggest  to 
the  reader,  the  various  causes  which  may  have  affected  the  former 
temperature  of  the  globe,  and  I  shall  leave  him  to  determine  bow  far 
any  of  tbem  appear  to  be  supported  by  analogy  and  probability. 
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The  original  fluidity  of  the  globe  appears  to  be  indicated  by  itf 
present  spheroidal  form ;  and  in  the  large  planets  that  compose  part 
of  our  system,  the  spheroidal  form  is  more  fully  displayed,  particu- 
larly in  the  planet  Jupiter.  Now  it  well  deserves  attention,  that  the 
conditions  under  which  this  form  was  impressed  on  the  earth  and 
plaoets,  cannot  recur  again  by  any  known  causes  now  in  operatioo, 
or  by  any  other  conceivable  cause,  except  the  fiat  of  the  Creator. 
Thus  we  are  brought,  at  once,  to  a  commencbment  of  the  series  of 
geological  changes,  which  could  not  have  been  the  result  of  aaj  ^^ 
coodary  causes,  that  come  within  the  limit  of  our  present  experieoce. 
Aboul  a  century*  ago,  it  was  the  fashion  among  phildsopbers  to  ex- 
plain ail  the  phenomena  of  nature,  even  thunder  and  muscular  a^ 
tioo,  by  tbe  operation  of  known  causes ;  that  is,  by  the  established 
laws  of  mechanics,  and  by  chemical  fermentation.  The  discoveries 
of  Franklin  and  others  subsequently  proved,  that  there  were  more 
things  in  heaven  and  earth  than  had  been  dreamed  of  in  past  philos- 
opfay.  It  would,  indeed,  be  astonishing  if,  with  our  limited  powers 
and  ephemeral  existence,  we  have  now  discovered  all  the  causes 
that  have  effiict?d  changes  in  the  former  condition  of  the  globe. 

"  One  part,  one  little  part,  we  dimly  scan 

Through  the  dark  medium  of  life's  feverish  dream." 

The  senses  given  us  by  tlie  Creator,  as  the  inlets  of  knowledge^ 
are  sufficient  for  all  the  useful  purposes  of  life  on  our  planet ;.  but  it 
would  be  extremely  rash  to  infer,  that  they  are  adequate  to  discover 
or  perceive  all  the  properties  of  matter,  or  the  changes  these  proper- 
ties can  efiect.  Some  material  powers  or  agents  cannot  be  made 
perceptible  to  any  of  our  senses,  except  by  their  effects ;  such  are 
universal  gravitation,  magnetism,  and  crystalline  polarity;  and  ages 
bad  elapsed,  before  the  existence  or  operation  of  such  powers  was 
even  suspected.  If  we  extend  our  views  to  thB  planetary  system,  we 
may  discover  a  state  of  things  which  implies  that  the  elementary  mat- 
ter of  which  tbe  planets  are  composed,  is  essentially  different  from 
terrestrial  matter  ;  and  the  difference  must  be  such„tbat  it  would  re- 
quire an  organization  and  constitution  of  tbe  inhabitants  (if  tbef  be 
inhabited,)  altogether  so  unlike  what  we  are  acquainted  with,  ibat  we 
are  as  incapable  offorming  any  distinct  idea  respecting  them,  as  > 
blind  man  is  of  forming  an  idea  of  colours.  This  may  be  clearly  in- 
ferred from  the  different  density  of  the  planets.  The  density  of  Sair 
urn  b  stated  by  astronomers  to  be  about  one  tenth  that  of  tbe  eanbi 
or  scarcely  half  the  density  of  pure  water.  Most,  of  the  oaturDiao 
metals  and  minerals  must  be  lighter  than  cork  wood ;  and  oo  fluid 
like  water,  can  exist  any  where  but  in  tbe  centre  of  the  planet.  But 
Saturn  has  an  atmosphere  and  variable  clouds  or  belts ;  it  must  there- 
fore have  a  fluid  on  its  surface,  that  performs  tbe  functions  of  water; 
yet  this  fluid  must  be  chemically  and  essentially  different  from  waiefi 
or  froai  any  fluid  on  our  earth.    The  properties  of  owtteri  ao^  "^ 
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laws  of  definite  proportioD,  cannot  be  the  same  on  Saturn  as  upoo 
the  earth,  and  it  is  highJy  probable,  that  different  senses  would  be 
required  to  roabs  these  properties  perceptible.  If  from  the  body  of 
Saturn,  we  turn  onr  attention  to  the  double  ring  by  which  it  is  sur* 
rounded,  we  must  admit  a  former  condition  of  that  planet,  which  can 
never  return  by  any  known  secondary  causes  in  present,  operation. 
Thus  both  geology  and  astronomy  lead  us  to  acknowledge  a  first 
Akoi^ty  cause,  and  a  commencement  of  the  present  order  of  things, 
dependent  upon  his  wilL 

In  offering  the  preceding  remarks,  I  have  not  been  influenced  by 
a  desire  to  oppose  the  opinions  of  others,  but  to- support  what  afk 
pears  to  me  to  be  the  truth. 

I  tball  now  take  leave  of  the  reader  in  the  words  with  which  the 
lafft  edition  was  concluded. 


It  may  be  right  to  advert  to  an  enquiry  that  has  f{>equenily  been 
made — fVhat  advantage  can  be  derived  froin  the  study  of  geology  t 

The  value  of  e9ery  science  roust  ultimately  rest  on  its  utility :  but 
in  making  the  estimate,  we  ought  not  to  be  guided,  alone,  by  the 
narrow  view  of  immediate  gain*.  The  material  universe  appears  des- 
tined to  answer  two  important  purposes  :  the  first  of  which  is  to  pro- 
vide for  the  physical  wants  of  its  various  inhabitants.  Now,  in  rela- 
tion to  this  purpose,  the^scienpe  which  teaches  us  the  structure  of  the 
earth,  and  where  its  mineral  treasures  may  be  found,  can  scarcely  hp 
deemed  devoid  of  utility,  by  a  nation  deriving  so  much  of  its  coao* 
fort  and  wealth  from  its  mineral  resources.  Bi^  beside  supplying 
our  physical  wants,  the  external  universe, is  destined  to  answer  a  no* 
bier  purpose.;  its  various  objects  appear  intended  to  excite  our  curi* 
osity,  and  stimulate  ^ur  intellectual  powers,  to  the  discovery  of  those 
laws  by  which  the  successive  events  we  observe  in  nature  are  gov- 
erned. Without  this  excitement,  man  would  for  ever  remain  the 
mere  creature  of  animal  sensation,  scarcely  advanced  above  the 
beasts  of  the  forest ;  and'  the  universe  would  be  to  him  a  mute  and 
Qomeaning  succession  of  forms,  sounds,  and  colours,  without  connec* 
lion,  order,  or  design.  In  those  sciences  which  have  attained  the 
highest  degree  of  perfection,  the  skill  of  the  Creator,  and  the  ends 
and  uses  of  the  different  parts  are  roost  apparent.     Geology  has  not 

et  made  sufficient  progress  to  carry  us  far  in  this  path  of  enquiry*; 

ut  we  see  enoijgh  to  discover,  that  the  apparent  disorder  into  which 
the  strata  on  the  surface  of  the  globe  are  thrown,  and  the  inequalities 
which  it  presents,  are  absolutely  necessary  to  its  habitable  condition. 
The  distribution  of  its  fnineral  treasures,  and  particularly  of  coal,  to 
the  cold  and  temperate  regions  of  the  globe,  is  well  deserving  atten- 
tion, and  implies  a  prospective  regard  for  the  wants  of  civilized  roan  : 
but  a  cold-hearted  philosophy,  under  the  sanction  of  a  quaint  etr 
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pressioD  of  Lord  Bacoo,*  has  (to  use  the  words  of  Dugald  Stewart) 
*^  made  it  fashioDable  to  omit  the  consideration  of  final  causes  entire- 
ly, as  inconsistent  with  the  acknowledged  rules  of  sound  philoflophi- 
zing.  The  effect  of  this  has  been  to  divest  the  study  of  Nature  of  its 
most  attractive  charms,  and  to  sacrifice  to  a  false  idea  of  logical 
rigour,  aH  the  moral  impressions  and  pleasures,  which  physical  knowl- 
edge is  fitted  to  yield." 

Geology  discovers  to  us  proofs  of  the  awful  revolutions  which  have 
in  former  ages  changed  the  surface  of  the  globe,  and  overwhelmed 
all  its  inhabitants :  it  reveals  to  us  the  forms  of  strange  and  unknowD 
animals,  and  unfolds  the  might  and  skill  of  creative  energy,  display- 
ed in  the  ancient  world  :  indeed,  there  is  no  science,  which  presents 
objects  that  so  powerfully  excite  oqr  admiration  and  astonisbmenL 
We  are  led  almost  irresistibly  to  speculate  on  the  past  and  future  coih 
dition  of  our  planet,  and  on  man  its  present  inhabitant.  What  nii- 
ous  reflections  crowd  upon  the  mind,  if  we  carry  back  our  thoughts 
to  the  time  when  the  surface  of  our  globe  was  agitated  by  conflictbg 
elements,  or  to  the  succeeding  intervals  of  repose,  when  eDormous 
crocodilian  animals  scoured  the  surface  of  the  deep,  or  darted  tbroa^ 
the  air  for  their  prey  ; — or  again,  to  the  state  of  the  ancient  oooti- 
nents,  when  the  deep  silence  of  nature  was  broken  by  the  belkw- 
ings  of  the  mammoth  and  the  mastodon,  who  stalked  the  lords  of  the 
former  world,  and  perished  in  the  last  grand  revolution,  that  preced- 
ed the  creation  of  man.  Such  speculations  are  somewhat  bumblio; 
to  human  pride  on  the  one  hand,  but  on  the  other,  they  prove  our 
superiority  over  th6  rest  of  the  animal  creation ;  for  it  has  been  re- 
garded by  the  wisest  philosophers  in  ancient  times,  as  a  proof  of  the 
high  future  destiny  ot  man,  that  he  alone,  of  all  terrestrial  animals,  is 
endowed  with  those  powers  and  faculties,  which  inl^pel  him  to  specu- 
late, on  the  past,  to  anticipate  the  future,  and  to  extend  his  views  and 
exah  his^  hopes,  beyond  this  visible  diurnal  sphere. 


The  Collowing  observations  on  the  study  of  geology,  taken  from 
Professor  Sedgwick's  truly  eloquent  address  to  the  Geological  Societf 
of  London,  in  1831,  are  so  just  and  heautiful,  and  are  so  closely  rela- 
ted to  what  I  have  before  stated,  that  I  am  certain  my  readers  will  be 
highly  gratified  by  their  insertion. 

**  If  I  believed  that  the  imagination,  the  feelings,  the  active  intell^t- 
ual  powers  bearing  on  the  business  of  life,  and  the  highest  capacities 
of  oirr  nature  were  blunted  or  impaired  by  the  study  of  our  science 
(Geology,)  I  should  then  regard  it  as  little  better  than  a  moral  sepul- 
chre, in  which,  like  the  strong  man,  we  were  burying  oursekea  and 
those'around  us,  in  ruins  of  our  own  creating.  But  I  believe  too  firm' 
1y  in  the  immutable  attributes  of  that  Being,  in  whom  all  troth,  of 

«  *f  Causaruzn  finalium  inqulsitio  sterilis  est,  et  tanqaam  jirgo  Deo  coosecna 
nihil  parit." 
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whatsoever  kind,  finds  its  proper  resting  place,  to  think  that  the  prin* 
ciples  of  physical  and  moral  truth  can  ever  be  in  lasting  collision.  And 
as  all  the  branches  of  physical  science  are  bui  different  modifications 
of  a  few  simple  laws,  and  are  bound  together  by  the  intervention  of 
common  objects  and  common  principles ;  so  also,  there  are  links,  less 
visible,  indeed,  but  not  less  real,  by  which  they  are  also  bound  to  the 
most  elevated  nioral  speculations. 

"  Geology  lends  a  great  and  unexpected  aid  to  the  doctrine  of  final 
causes;  for  it  has  not  merely  added*  to  the  cumulative  argument,  by 
the  supply  of  new  and  striking  instances  of  mechanical  structure  ad- 
justed to  a  purpose,  and  that  purpose  accomplished  ;  but  it  has  also 
proved,  that  the  same  pervading  principle,  manifesting  it^  powers  in 
our  times,  has  also  manifested  its  power  in  times  long  anterior  to  the 
records  of  our  existence/' 
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SUPPLEMENT  TO  CHAPTER  VIB. 

ON  .TBB   6BEAT  COAL  rOBMATION. 

<  > 

B^siBC  what  has  been  already  stated  respectiog  the  freshwater 
origin  of  the  coal  strata,  I  wish  the  reader  to  bear  in  mbd|  that  the 
marine  or  freshwater  character  of  formations,  must  be  determined  by 
the  general  assemblage  of  the  organic  remains,  and  not  by  a  few  in- 
dividuals, or  a  few  species  of  shells,  which  difier  from  the  general 
character  of  the  fossils ;  particularly  as  we  now  know,  that  sereral 
species  supposed  to  be  marine,  are  capable  of  living  in  fresh  water. 

In  the  great  coal  formation  of  England,  the  upper  and  middle  beds, 
for  many  hundred  feet  or  yards  in  thickness,  abound  in  the  remaios 
of  terrestrial  or  of  marsh  plants  with  some  freshwater  shells,  but 
without  any  admixture  of  marine  species.  The  whole  mass  of  tbe 
coal  measures,  howeverj  rest  on  marine  limestone ;  and  in  some 
parts  of  England,  the  lowest  measures  alternate  with  beds  of  lime- 
stone, and  also  contain  some  shells  supposed  to  be  marine.  Though 
the  upper  and  middle  parts  of  all  the  English  coal  fields  are  freshwa- 
ter formations,  we  can  have  qo  doubt,  that  the  limestone  on  which 
all  the  coal  fields  rest  was  deposited  under  the  ocean ;  but  many 
circumstances  tend  to  prove,  that  its  elevation  was  a  slow  and  long- 
continued  process,  and  that  the  lower  part  of  the  coal  measures  was 
deposited  when  nearly  on  a  level  with  the  sea,  or  in  situations  subject 
to  interruptions  of  marine  water ;  or  else  the  ground  was  subject  to 
oscillations,  which  brought  it,  at  difierent  times,  below  tbe  level  of 
high  tides. 

The  great  valley  of  the  Mississippi  contains  the  largest  coal  field 
in  the  known  world ;  and  what  is  now  annually  taking  place  in  some 
parts  of  that  valley,  appears  to  confirm  in  a  remarkable  manner,  tbe 
opinions  I  have  advanced  (pages  1 13  to  1 18J  on  the  formation  of  coal 
and  the  cause  of  tbe  frequent  recurrence  ot  the  same  series  of  strata 
at  difierent  depths,  in  the  same  mine ;  which  I  attribute  to  the  peri- 
odical filling  and  desiccation  of  lakes.  In  the  second  volume  of 
Mr.  Stuart's  interesting  "  Travels  in  the  United  States,"  there  b  t 
very  instructive  account  of  the  Valley  of  the  Mississippi,  quoted  from 
an  American  review.  I  shall  here  insert  the  parts  immediately  con- 
nected with  the  present  subject  :^* 

"  What  is  called  the  Valley  of  the  Mississippi  is  not  in  reality  a 
valley,  but  an  extensive  elevated  plain,  without  hills  or  inequalities 
deserving  notice.  It  extends  west  from  the  western  slope  of  the  Al- 
leghany Mountains,  to  the  sand  plains  near  the  Missouri,  a  distance 
of  about  150.0  miles,  and  south  from  the  valley  of  the  northern  lakes, 
to  the  mouth  of  the  Ohio,  jbout  600  miles.  No  part  of  the  globe 
possesses  such  an  extent  of  uniform  fertiUity.    The  difference  in  ele- 
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Mtidb  is  only  a  few  feet,  as  ascertained  by  aettial  stirvey.  The  gen* 
eral  eietation  of  this^plain,  is  above  800  feet  above  the  sea.  It  is 
crossed  by  the  great  riveni  Missouri,  Mississippi,  Ohio,  and  their  bran" 
chss*  As  we  go  West^ly  up  the  Missouri  and  Arkansas  to  the  sand 
plains,  "we  find  nearly  the  same  elevation..  The  greht  and  nunrer*- 
ous  rivers  that  cross  {bis  plain,  instead  of  forming  valleys,"  do  btit  in- 
dent narrow  linesor  grooves  into  its  surfacci*  hardly  sufficient  X6,  re* 
tain  their  ^oods.  As  the  currents  of  these  rivers- roll.  On  in  their 
courses,  tbey  sink  deeper  into  the,  plain ;  hence  the  large  rivers  Otiio^ 
JMissQuri,  imd  otters,  seem  bordered  with  hills  of  several  hundred 
feet  devation,  towards  their  moiitbs ;  but  the  tops  6f  thcfse  hilb,  are 
the  4evel  of  the  great  plain*  *  ^        ■ 

<*  The  base  of  this  whole  Extent  of  plain  appears  to  b^  transition' or 
DMiuntain  limestone, jn  n^ary  horiEontal  beds:  it  bus  been  perforated 
to  the  depth  of  400  and  GOO  feet.  It  contains  trUobites,  ortliQcera* 
tites^.the  productua,  and'otllier  fossils  that-characlerrise  the  transition 
limestone.  The  ijppefn)ost  sti-atum  of  lirhestoAe  is  not  many  feet 
below  the  surface,  and  supports,  nearly  over  its  whole  extent,  strata 
of  bituminous  coal  and  saline  rimpregbationSf  Th^  limestone  ex** 
tends  under  the.  Alleghany  Mountains  in  the  east,  and  the  sand  plains 
on  the  west,  and  rest  on  the  granite  ridges  of  Qanada  on  tbe  north, 

*'Tbis  coal  field  would,  cover  half  Eurojpe,'  having  an  esKjsnt  of 
900,000  square  miles;  or*15D9-  ilnil^  in  lerigtH,  by  600  miles-  in 
breadth/'  The  coal  is  pure,  and  lies  above  the  beds  of  .the  rivei^s, 
and  costs  ebout  twenty  cents',  ^tbe  fiftb^  part  of  9  doijar)  per  ton  to 
quarry  it.  Iron  ore  abounds  ^ene^zWy^  but'  in  Missoiiri  there^  is  a 
mass  of  this  ore  30Q  feet  in  heicbt,,  and  five  miles  in,  extent,  whiph 
yields  75  per  cent,  of  fine  malleable  }ron.  The  lead  districts  of 
Missouri  apd  Illinois  cover  200  square  miles.''  It  is  not  mentioned 
in  die  iabove  account,  but  there  can  be  no.  doubt,  that  the  ipine^  ar^ 
situate  in -the  fimestone,  which  identifies  that  forniaiion  still  farther 
with  the  mountain  Ihnestone,  of  England.  '         ; 

In  the  geobgical  position  and  physical  structure  of  ibis  vtfst  coal 
field,  we  may,  1  think,  *trace,  in  a  satisfactory  manner,  'the  mode  of 
its  formatio9.  Were  the  outlet  of  the  watery  that  drain  this  large 
surface  to  be  only  partially  closed  (is  we  may  suppose  the  mouth  of 
the  Mississippi' to  be)  by  an  earthquake' or  upheaving  of  the  surface, 
then  in  the  time  of  aAnual  periodical  inundations,  the  whole  extent 
of  this  ievel  nlain  would  be  covered  with  fre^b  water,  and  form  ao 
inland  sea„  which  would  gradually  become  dry  as  the  inundationssub- 
sided.  Tbis  pTain  would  (ben  become  a  vast  swamp,  svked  Tor  the  * 
rapid  dev^kpndent  of  vegetation.  In  this  manner  thick  beds  of' de* 
composed  vegetable  matter 'might  every  year  be  formed,  and  subse* 
qaebtly  covered  with  strata  gf  mud  and  earthy  matter,  deposited  du- 
ring tfae  inundation.  ;         ' 

New  let  us  iadv^rt  to  what  actoally  t|kes  pisce  in  the  lower  valley^ 
or  plain  of  the  Mississippi,  every  year.    Vyhen  those  mighty  rivers, 
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the  Mississippi,  tod  Missouri,  are  inuDdated,  by  'the  meltiog  of  the 
SDOW  near  their  sources,  they  pouj  down  .iinnienBe  floods,  which  fill 
their  banks,  and  absolutely  choke  up  the  mouths  of  die  large  second* 
ary  rivers  that  enter  them,  and  throw  their  waters  back  for  many 
miles,  chained  with  the  mud  of  the  great  descending  wat^.  >  The 
waters  of.  these  secondat^  rivers  in  their  backward  course,  overflow 
their  brinks,  and  spread  over  the  lower  parts  of  the  level  plain,  form- 
ing lakes, of  twebty  ipiles  or  more  in  leogUi :  after  some  time  these 
lakts  are  gradually  draided  by  the  subsidence  of  the  river9.  The 
inundations  are,  however,  prolonged  by  another  circumstance.  The 
Missobri-and  Mississippi  rise  ia  different  latitudes,  .and  their  periodi- 
cal .inundations  do  not  take  place  at  the  same  time.  .  When  oae  of 
these  naighty  streams  isantotidated,  it  bbck^  up  the  passage  of  the 
other,  and  this  reacts  oa  the  secondary  streamy,  and  prolongs  the 
time  of  periodical  inundation.  Thus  in  these*  temporary  takes  of 
fresh  water,  we  liave  the^pootditions.  required  for  the  fofiifiation  of  fu- 
ture coal  fields — ^swamps  promotiog,  the-  rapid  development  and  de- 
compositioi^  of  vegetables — ;and  periodical  inundations  of  water, 
charged  with  ^and  and  mud,  to  cover  th^  vegetable  beds  with  earthy 
strata.  It  is  further  deserving  notice,  that  over  a.  Jarge.part  of  the 
plain  of  the  ^Mississippi,  the.  ]:9pid  annual  gro^vtb  of  grai^ses  aod  diis- 
ties,  ex.ceeds  any  thing  of  which  this  part  of  Europe  affords  aa  ex- 
aniple :  tbi^  epornious  mas^  of  vegetation  perishes  every  wiater.-, 

In. the  account  of  the  probable  duration  of  the  doal  of  Durham  and 
Northumberland*  (pag^  ^^^•)>  9^^  pujalished  in  the  third  edition,  I 
bave^stated  the  period  of  exhaustion  to  be  .about  350  years  from  the 
present  time.  In  evidence  on  the  subject,  given  before  the  House 
of  Commons,  the  period  has  been  eitended  to  1737years^  adi&^ 
ence  sp  great  as  to  reqpire  some  animadversion.  In  the  first  place, 
all  evidence  given  before  Parliament,  by  commercial  qt  public  bodr 
ie^,  who  have  a  particular  object  to  establish,  must  be  received  with 
considerable  cautioqi  The  coal  owners  in  the  north  w^re  alarmed, 
l^stsoipe  restriction*  should  be  laid  on  the  unlimited  export  of  ooal, 
if  it  were  kpown  that  the  f^a)  fieMs  of  Northumberland  and  Durham 
coukl  affi>rd  a  regular  supply  of  fuel  only  for  a  very  limited  Dumber 
of  years.  It  was  stated  before  the  House  of  Commons,  that  there 
are  837  square  miles  qf  coal  strata  in  Northumberland  and  Durham, 
and  that  only  105  square  miles  have  been  worked,  out.  .It  was  as- 
sumed, that  each  workable  bed.  of  .coal  spreads  under  t^e  whole  ex- 
tent of  the  coal  fields,  but  this  is  very  far  from  being  the  fact.  Ma- 
ny of  the  best  and  thickest  coal  beds  crop  oi;it  loipg  before  reaching 
the  western  termination  o^  the  coal  field,  or  are, cut  off  by  faults  or 
.denudatioqs.  The  thickness  of  the  beds  was.  also  overstated.  Pro- 
fessor Bu'cklapd  estimated  the  duration  of  the  Northumberland  aod 
Durhaim  coal,  according  to  the  present  rate  of  consumption,  ^t  400 
years,  which  agrees  very  yearly  with  the  period  of  exhaustSon  I  bad 
assigned.  •  * 
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AN   INDEr  OUTLINE   OF  TH£    GEOLOQY^  OV   ENGLAND. 

/ 
I         •  ■'• 

Th*  oatline  of  the 'geology  of  England,  and  the  map  that  accoin|;fa<* 
nied  it,  glTen  in  the  first  and  secohd  editions  of  this  work,'  presented 
^the  author  belieyes)  the  first  distinct  genera)  view  of  the  geofogy  of 
England  that  bad  ev^p  been  published  ;  aiid>  though  sevei'al  parts  of 
our  island  hate  since  been  more  fully  examined,  the^  examinations 
hare  confirmed  the  correctness -oif  the  leading  facts,  sjated  in  the  edi- 
tions of  1813  and  1816. 

The  ^thor  has,  since,' 'revisited  a  considerable  part  of  En  gland  and 
Wales,  and  collected  materials  for  a  mpre  ample  detail  of  their  geol- 
ogy ;  but  the  limits  of  the  present  volume  will  not  admit  ^f  t)ieir  ia- 
aertion,  and  it  islfiis  ihtention  to  pubHsK  theiti' in  a  sep'arlit^' fonn. 
This  index  outline  will  serfe  more  fdlly  to  explain  the  map  -amd  'sec- 
tional by  references  to  the  chapters  where  the  diHerent  classes  of  rock 
ar*  described.  .      •    . 

In  tracing  thfe  great  t>utlines  of  the  physical  gieography  of  conti- 
Bento  and  islands,  wd  m^y  generally,  perceive^  that  they  are  deter- 
mined bythe  ranges  of  pjimary  and  trahiiltion  mountains  that  irav- 
erse  thefm :  these  have  been  compared  to  the  skeletons,  on  which  the 
other  parts  of  a  country  are  doQs  true  ted.  <  *    ^  .     ^ 

The  length  of  Britain' ia  determined  by  different  groups  of  mouB- 
taitis,  which,  viewed  on  a  large  sCale,  may  bd  regarded  as  one  tnoun» 
tain  ranged  extending  north  and  south  (with  ltd  raixiificatioi^s)  along 
th^  westem  side  of  England  and  Wales,  fi^oni  Corhwall  to  Cumber- 
land, and  from  thence  to. the  northern  extrefmity  of  Scothnd.  .  All  the 
highest  mountaitis  in  England  and  Wales  are  situated  in  this  range, 
which,  in  reference  tb  our  island,  may  be'  called  the  great  Alpine 
chain.  This  chain  is  interrupted  by  the  intervention  of  the  Bristol 
Chailnelf  and. again  by  the  low  grounds  of  Lancashire  and  Cheshire/' 
which  divide  it  into  three-  groups  or  ranges ;  these,  for  the  sake  of  dis- 
tinction, may  be  denominated  the  Devonian  range,  the  Cambrian 
range*  and  the  Nohhern  range.  They  form  the  Alpine  districts  of 
England  (coloured  red  in  the  map.)  The  mountains  of  the  great  Al* 
pine  chain  from  Cornwall  to  Cuniberland,  are  composed  of  primary 
rocks  and  of  other  .rocks,  which  belong  chiefly  to  Uie  class  of  transi- 
tion vdcks;  described  in  Chaps.  V.  YI.  and  Vll.  Those  parts  in 
which  the  primary  rdcks  chiefly  occur,  are  shaded  vby  lines.  In  some 
few  partSy  east  of  the  Alpine  district,  the  primary  and  transition  rocks 
also  make  their  appearance,  uncovered  by  the.  secondary  strata.  A' 
range  of  primary  And  'transition  mountains  appears  once  to  have  ex- 
tended from  the  Devonian  range,  in  a  north-east  direction,  into  Deri- 
byshire ;— >--the  transition  and  basaltic  mountains  of  that  county,  -  the 


373  APPCNDtS.* 

Charnwood  Forest  hills,  the  sienitic  greenstone  of  Warwickshire^  the 
transition  rocks  of  Dudley,  the  Malvern  Hills,  and  the  trap  rocks  of 
Gloucestershire,  Somersetshire,  and  Devonshire,  were  probably  parts 
of  one  range,  and  were  much  loftier  than  at  presenL  It  may  deserve 
notieCf  that  the  granitic  rocks,  in  this  range,  are  closely  allied  to  rocks 
now  generally  supposed  po  be  of  igneous  prigijn. 

It  was  this  range  that  appears  to  have  determined  the  extent  of  onr 
island  in  that  directipn,  and  to  have  formed  ttie  western  border  pf  an 
ancient  sea  or  lake,  in  which  the  upper  calcareous  strata  of  the  mid- 
land, eastern,^  and  soothern  counties  were  deposited.  It  also  appears 
^o  have  determined  the  extent  of  the -upper  calcareous  strata,  that 
cover  the  eastern  side  of  England,  and  are  bounded  by  :the  line  a  a  Ju 
This  bouhdary  marks  the  .direction  of  a  range  of  calcareous  hills,  ihat< 
itxtends  thf-Qugh  England  iil  a  waving  line,  from  the  western  extremity 
of  Dorsetshire^  to>  the  eastern  ^ide  of  the  covmty  of  Durham.  East  of 
this  line,  there  are  no  bedn  of  goocl  mineral  coal  in  any  part  of  Eng- 
land. Between  the  line  a  a  a  and  the  A>lpinc  districts  (coloured  red), 
we  have  the 'under '.secondary  strata  (coloured  green.)  All  the  prin- 
cipal coal  formations  ii)  England  occur  in  different  parts  of  this  dis- 
trict, which,  for  the -sake  of  distinction,  we  shall  call  xhe^middle  dis- 
trict :  .it  is.  however  partly  covered  by  beds  of  red  marl  and  sandstone. 
The  upper  calcareous. district^  east  of  the  line  a  a  a  (and  floored 
yellow  in  the:map),  is  in  .some  parts  covered  with  beds  of  clay  and 
sand  of  a  mote  recent, for mation^  belonging  to  the  tertiary  strata r 
Chey  are  coloured  brown,  and  are  bounded  in  the4nap  by  the  lines 
o  0  o  o.  '  Other  low  parts  of  thiaf  district  are  covered  by  allaviai  dep- 
ositions, and  marked  i  1  1. 

.England  and  Wales  may  thus  be  divided  info  three  geological  dis- 
tricu:— the  Alpine  district,  consisting  of  primary  and  transition 
r.ocks,*-7the  Middle  district,  comprising  the  coal  formation  and  the 
lower  secondary  strata  of  new  red  sandstone, — and  the  Upper  Calca- 
reous, district,  compfising  the  lias,  the  oolite  and  chalk  formations ; 
the  latter  partly  co^red  by  tertiary  formations.  Each  of  these  dis- 
tricts has  it^  appropriate  characters  and  mineral  productions.  la  or- 
der to  give  the  reader  a  clear  idea  of  the  relative  position  of  the'  rocks 
and  strata  of  these  thifee  divisions,  let  him  take  three  sheets  of  paper, 
and  cot  out  the  form  of  England  in  each.  Let 'the  lower  sheet  be  red ; 
cover  this  with  green  paper,  cutting  out  all  the  parts  on  the  western 
side,  which  will  leave  the  parts  marked  red  in  the  map  uncovered, 
and  also  the  small  parte  where,  the  Malvern  Hills  and  Charnwood 
Forest  hills  are  situated. .  .Cut  out  the  third  sheet  of  yellow. paper,  so 
thkt  its  edge  may  correspond  with  the  line  a  a  A.  Then  cut  out  pieces 
of  darker-coloured  paper,  and  place  them  ovet  the  parts  marked  2  22, 
for  the  tertiary  strata;  and  place  daVk  patches  on  the  parts  marked 
111,  for  alluvial  and  diluvial  depositions  ;  rai.se  the  western  edge  a 
little,  so  as  to  make  the 'sheets  of  paper  incline  to  the  south-east ; — 
and  we  shall  then  have  ^  model  of  the  geology  of  EngUmd^  which 
wo^ld  be  more  .complete,  provided  wecould  raise  the  parts  marked 
red  i^bove,  the  level  of  the  green  paper.  The  red  paper,  wiiieh 
spreads  under  the  whole,  and  represents  the  primary  and  transition 
rocks  of  the  Alpine  districts,  may  be  conceived  to  extend  under*  the 
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iea^  aad  to  rise  again  in  Irehnd,  France^  Sweden,  and  Oernmny,  and 
thus  to  be  connected  with  all  the  granitic  ranges  of  the  old  con  tinea  t. 
It  is  scarcely  requisite  to.  remark*  that,  in  presenting  a  general  view 
of  the  arrangement  of  the  different  classes  of  rocks  in  this  manner,  the 
partijil  wavingtf  or  irregularities  of  the  stratii,.and  the  inequality  of 
snrface,  presented  t>y  hills-  and  valleys,  must  be  necessarily  disre<* 
garded« 

'  The  primary  rocks  of  England  and  Wales  are  described  in  yatiout 
parts  of  Chaps.  V.  and  YI.  in  the  present  volume.  The  transition 
rocka,  incltiding  mountain  limestone,  are  described  in  jChapter  YIL 
l^he  coal  formation^  jn  England,  within  the  middle  district  (coloured. 
green  in  the  oiap),  extend  on  the  eastern  aide  df  Northuinberland,  an^ 
Durham,  from  Berwick-on^Tweed  to  the  tiver  Tees  t-  but  fron)  thence 
to  the  river  Air  (near,  Leeds),  only  the  lowest' beds  of  the  coal  forma* 
iion  occur*  which  contain  butUttle  workable  'coal.  The  Yorkshire 
and  Deri>yihire  eoal-field  commencies  a  little  north  of  Leeds,- and  ex- 
tends in  breadth  east  ^d  west  about  twenty-five  milest.  from  Halifax 
to  Abberford,  and  in  length  about  seventy  mires,  from  L^eds  to  near 
Nottingham  and  Derby^  The  breadth  decreases  southward,  being  litp 
tl^  mtirA  than  twelve  milei  in  D^byshire* 

South-west  of  Dsfrbyshire,  there  are  a  few.  small  coalfields  near 
Ashby-deOa-Zouch,  and  near  Tamworth^  Atherstgne,  and  Coventry. 
The  latter  coal-field,  is  the  most  southern  sitiiatipi^  in  which  mineral 
coal  has  beefi  disco ver,ed  in  the  midland  counties. 

Pn  .die  north-west  side  of  l^ngland,  there  is  a  small  coal-fi^d  bor- 
dering the  sea  in  Cumberland,  which  extends  from  Whitehaven  to 
the  north  of  Maryport.  This  coal-field,  though  small  in  extent,  con* 
tains  edven  beds  of  excellent  workable  coal.  From  its  contiguity  to 
the  sea,!  and  its  remoteness  from  other  coal*fi/elds,  it  mky  b^  consid- 
ered, in  proportion  to  ita  extent,  as  on^  of -the  mpst  valuable  coal 
districts  in  ^igland.  In  ope  mine,  the  coal  is  .worked  al  the  depth  of 
S96  yards*,  Trie  workings  q£  some  mines  have  been  extended  Under' 
the  sea.  The.  next  considerable  coal-field  is  that  of  Lancashire  :  it  is 
separated  from  the  Yorkshire  coal-field  by  a  range  t>f  lofty 'hills,  on 
the  borders  of  the  two  counties,  extending,  an  the  west  side  of  Coke, 
to  Blackstone  £dge,  and  from  thence  to  Axe  Edge,  on  the  border  of 
Derbyshire.  '  l^hese  hills  are  principally  composed  of  inills tone '  grit 
and. shale,  ,but  are'  not  covered,  by^coal  strata.  •  On  the  western  side' r 
of  these  hillli,  the  coal  strata  of  the  Lancashire  6oal-field, commence, 
dipping  westward  i  but  they  are  bi^oken  and  deranged  by  numerous 
faults.  The  principal  beds  of  coal  are, — one  of  six  feet  in  thickness, 
and  a  ]ow»  one  called  the  three-quarter  'bed>  In  some  parts  the 
sandstoBTe  strata  are  of  a  ^e^>  red  colour.  The  breadth  of  this^coaU 
field,  from  Macclesfield  to  Oldham^  does  pot  exceed  five^ or  six  kniles ; 
but  from  Oldliam  it  extends  westward  to  Preseot,  near  Liverpool,  and 
from  Preecot  itextends'ln  a  north-east  directio^to  Colne,  ,    - 

Not  far  from  the  southern  extremity  of  the  Lancashire  coal-field, 
there  is  a  small  but  valuable  coal  district,  which  supplies  the  potteries 
near  New^castle  in  Staffordshire :  this  may  properly  be  considered  as 
an  extension  of  the  Lancashire  coal-field.  The.  next  important  coal* 
field  is  that  of  Dudley  and  Wolverhampton  ^  it  is  about  twenty  ipiles' 
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in  length,  and  varies  in  width  from  four  to  seven  miles*  It  contaiiis 
the  thickest  bed  of  coal  in  Great  Britain.  (See  page  105,)  There  is 
a  narrow  coal-field  on  the  north-easLern  border  of  Walest  extending 
from  Mostyn  in  Flintshire^  to  Chirk  in  Denbighshire.  There  are  also 
a  few  smaller  coal-fields  on  the  north-eastern  side  of  Herefordshire, 
which  extend  into  Shropshire.  The  Clee.  Hills,  near  Ludlow,  con- 
tain, on  their  sides,  two  or  three  .small  detached  coal  basins.  The 
anmmits.of  these  lofty  hills  are  capped  unth  basidt. 

The  coal  basin  of  the  Forest  of  Dean,  is  the  next  considerable  re- 
pository of  coal:  it  presents,  perhaps,  the  most  perfect  iHodel  of  a 
ioal  basin  of  any  in  Great  Britain ;  the  coal  strata  occupy  a  space  of 
about  ten  miie^  in  length,  and  six  in  breadth :  the  millstone- grit  and 
the  transition  limestonb  on  which  they  lie,  may  be  distinctly  obserred 
cropping  out,  on  its  Northern  and  western  boundary.  ^ 

In  Somersetshire  anc^  Gloucestershire  there  iaa  considerable  coal- 
field on  each  side  of  the  river  Avon :  its  greatest  extent  is  about  twen- 
ty miles,  and  i|s  greatest  ascertained  breadth  about  eleven  miles ;  but 
it  is  covered  in  many  parts  by  the  secondary  strata,  consisting  of  red 
marl  and  lias.  The  deepest  coal  mine  in  England  is  in  this  coal- 
field ;  the  depth  of  the  pit  at'  Redstock,  near  Bath^  b6ing  400  yards. 

The  greatest  repository  of  coal  in  our  island  is  'that  which  extends 
on  the  nortl^ern  sule  of  the  Bristol  Channel,  100  miles  in  length,  and 
varying  in  breadth,  from  five  to  twenty  miles.  .  Further  ihformatioii 
respecting  many  of  ihe  English  coal-fields  will  be  found  in  ChajkYlU. 
'A  considerable. part  .of  the  middle  district  (coloured  green  in  the 
map),  which' id  not  occupied  by  the  coal  formations  above  eoomeFa- 
ted,  ^s  covered  by  the  r.ed  marl  and  sandstone,  described  in  Chap.  XI. 
As  the  s«mdstone  of  this  formation  often  covers  the  coal^tmta,  it  be- 
comes an  object  of  great  interest  to  landed  proprietors  in  the  midland 
eoun(ies,  wiio  have  estates  at  no  gr^at  distance  from  the  coal  districts, 
to  ascertaiii  whether  coal  may  not  extend  under  the  red  marl  and 
sandstone.-  Sonje  observations -on  this  subject  are  given  (pt068 121 
and  l^),  which  the  author  is  persuaded  deserve  the  attention  of  land' 
ed  proprietors.  The  search  for  coal  under  the  red  marl  and  sandstone 
in  Somersetshire  lias  been  eminently  successful ;  '^and  coal  has  in  some 
instances  been  found,  by  sinking  through  both  lias  and  red  sandstone. 

The  principal  repositories  ef  rock  salt,  and  the  strongest  springs  of 
brine,  are  situated  in  the  red  tnarl  of  Cheshire,  and  near  Droitwitchiin 
Worcestershire.  (See  p.  }72.)  In  this  formation  tfie  principal  beds 
o[  gypsum  are  found ;  it  is  frequently  associated  with  rock  salt.  (See 
Chap.  XI.)  ' .   '.  « 

One  of  the  most  remarkable  features  of  the  middle  district,  is  the 
occasional  occurrence  of Variom  recks  {in  situ)  of  granite,  slate,  and 
sienite,  belonging  tp,.the  dass  otprimary  6v  transition  rocks :  they  rise 
through  the  secondary  strata,  and  apfi^ear,  from  various  drcnmstances, 
to  have  once  occupied  a  considerable  portion' of  the  midland  conn- 
tifes,  ex^nding  from  licioiestershire  to  Wlurwickshire,  Worcestershire, 
Gloucestershire,  Somersetshire,  and  Devonshire.  The  secondary 
strata  of  England,  from  lias  to  chalk'  (coloured  yellow  i^  the  map)r 
are  pretty  fully  described  in  Chaps.  XII.,  XIII,  and  XIV.  Themore 
recent  or  tertiary  strati^  (coloured  brown  in  the  map,  and  markied  2^)» 
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are  dewribed  in  Chaps.  XYI.  and  XYII.    The  basalt  dyke 

land,  which  runs  through  the  North  Riding  of  Yorkshire 

ham,  is  described,  with  other  basaltic  rocks  in  England,  in 

and  the  alluTial  beds,  marked  111,  are  described  in  Chap.  ^^SQ^jt^  rr^r     *^'\y'  - 

description  of  many  of  the  mining  districts  of  England  and  Wa^ii^jm' JF    a^  ^ 

be  found  in  the  chapter  dn  metallic  veins. 

It  now  remains  to  notice  the  sections  in  different  parts  of  England* 
A  seetion,  to  possess  much  value,  should  be*mad^  as  nearly  as  possi- 
ble along  the  true  line  of  the  dip  and  rise  of  the  stirata. .  We  possess 
no  true  line  of  dip  in  England,  which  passes  through  all  the  (Afferent 
classes  of  rock ;  find  it  is<  oilly  misleading  the  reader,  to  represent  the 
succession  of  recks  out  of  their  true  situation.  The  section  of  the 
secondary  strata,  with  a  small  portion  of  the  tertiary,  given  at  page 
160,  represents  the  succession  of  the  different  secondary  formations, 
from  chalk  to  the  lowest  new  red  sandstone,  taken  in  a  line,  from  the 
chalk  hills  north-west  of  London,  to  the  transition  roclg^  south-  of  the 
Malvern  Hills,  in  Herefordshire.  But  in  this  line,  the  lower  red 
sandstone,  and  magnesian  limestone  are  wanting. 

If  we  draw  another  line  across  England,  through  Durham  and 
Cumberland,  from  the  German  Oceaii,  near  Sunderland,  to  the  Irish 
Channel,  (see  section,  Plate  VII.),we  may*  observe  the  magnesian  lime- 
stone ▲  forms  the  uppermost  rock  of  the  series ;  all  the  secondary 
strata  above  this  formation -are  here  wanting;  it  is,  howeverr  proba- 
ble tjiat  they  may  once  have  extended  into  the  Gernfan  Ocean,  in  the 
order  represented  at  page  160.  iThe  m^gnesjan  limestone  a  liies  un- 
conformably  upon  the  coal  strata^  which  rise  to  th^  west  b  n  ;  at  x  the 
strata  are  broken  by  the  Bu^treelbrd  Basalt  Dyke,  o  c  represents  the 
lower  beds  of  the  coal  strata,  with  mo.untain  limestone ;:  tl^ey  termin- 
ate at  the  mountain  called  Cross  Fell,  5,  The  Iqwer  part  of  this  moun- 
tain w  coitaposed-  of  mountain  limestone  and  greywacke  ^  a  little-  to  the 
west,  the  beds  are  broken,  by  nearly  vertical  beds  of  trap  and  sieAite.. 
In  the  Vale  of  Eden  is  Penrith  Beacon,  4.  This,  vale  is  covered  by 
beds  of  conglomerate  and  red  sandstone.  The  lofty  mountains,  e  Sr 
that  surround  .the  lakes  of  Cumberland  and  Westmoreland,  are  skir.ted' 
by  beds  of  mountain  limestone  ;  but  the  higher  mountains  are  chiefly 
composed  of  slate,  felspar,  porphyry,  and  greywacke.'  Oranite  oc- 
curs at  the  base  of  Skiddaw  aod  Saddleback,  and  at  Coldback  Fell. 
1,  is  Sea  Fe)},  the  highest  mountain  in  this  group ;  2,  Skiddaw ;  and 
3,  Helvellyn.  Farther  West  we  come  upon  the  coal  strata  of  White- 
haven, dipping  v^est,  and  covered  by  unconformable  secondary  strata.' 
Some  of  the  more  remarkable  rocks  in  the  mountains  round  the  lakes 
are  described  in  Chap.  VIL  Plate  II.'  fig.  4,  represents. the  arrange- 
ment of  the  strata  in  the  central  part  of  England,  passing  in  a  line 
nearly  east  and  w^^st,  through  the  low  granite  range  at  Charnwood 
Forest,  in  Leicestershire :  e,  on  the  right-band  side  -of  the  plate,  rep 
resents  Has  resting'  on  red  marl  and  sandstone,  a.  The  granite  and 
slate  rocks  are  represented,  h  i  c  c^  partly  covered  by  horizontal  beds* 
of  red  marl  and  sandstone  :  d  d  are  the  coal  strata,  near  W^itwick, 
much  elevated  as  they  approach  the  Forest  Hills. '  A  little  out  of  the 
liiie  of  section,  are  represented  the. elevated  beds 'of  mountain  lime- 
stone at  Breedon  and 'Clouds  Hill,  part  of  whiqh  limestone  is  contia- 
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aed  to  the  Foresl'Hills  at  Grace  IKei|.  For  &  more  particvlar  acdontit 
of  this  sectioDnaee  Chaps,  X.  and  XXIL ;  and  for  an  accoimt  of  the 
sections  near  Dudley,  in  Staffordshire*  see  Chap.  Yll. 

This  brief  sketch  of  the  geology  of  England^  with  the  references  to 
the  map,  sections,  and  chapters  in  this  voliMne,  may  suffice  to  gire  the 
reader  a  general  view  of  the  geology  of  England,  and  the  situation  of 
its-  principal  mineral  repositories.  I  shall  subjoin  an  account  of  the 
thermal  wafera  of  England,  and  of  a  few  celebrated  thermal  waters  on 
the  Continent,  and  a  table  of  the  height  of  mountains. 


BngJU  of  tome  nf  tke  most  temarfcahU  Mim%tai%s  and  Bittt  tf» 


ami  Wok. 


Feet 
Arbary  ^11,  Nortfaamptonsbire  *  804 
Arraa  Fowdd^,  Moriouethshire  9955 
Arrenig,  Menonetbsllire  3809 

Axedge,  Derbvshiro  1751 

Bagshot  Heath,  Surrejr  463 

Beacons,  Brecknockshire  2863 

Bardon  Hill,  Leictetershire'  $63 

Beachy  Head,  Sosisex-  5^ 

Black  Dawn,  Dorsetshire  -  317 

BotleyHill.pnrxey     '  880 

Bow  Fell,  Cumberland  *  9911 

Broadway  Beacon /Glbacestershire  1066 
Brown  Clee  Hitl,  Shropshire  1805 

Cader  Ferwyn.  Merionethshire    .  2563 
Cader  Idris,  .Merionethshire  8914 

Gaermarthen,  Yaa^   Cae^marthen- 

shixe  2596 

Gam  Fell,  Yorkshire    '  ^   9^45 

Gapelladte,  Qrecknockshik'a  2394 

Garnedd  David,  Gaemorvonshir^  3427 
Gatnedd  Uewellyn; '  GaernarVoh- 

'^hira  3469 

Garraton  Hill,  Goniwall  1206 

OhcTiot,  Northumberland  2658 

Coniston  Fell  '  2577 

Gradle  Mountain,  j^recknockshire  2545 
Qross  Fell,  Gumberland  2901 

Crowborough  Beacon,  Sussex  804 

Diddling  Beacon,  Sussex  858 

Dover  Gastle,  Kent  469 

Dundry  Beacon.  Somersetshire       1668 
Dunnose,  Isle  or  Wight      ,  792 

l)wggan,  near  Buiith,  Brecknock- 
shire 2071 
Bpwell  Hill,  Oxford  836 
Farrligbt  Down,  Sussex      ,  599 
Farley  Down,  near  bath,  Glonoes- 

tershire  ,  ,  700 

Firle  Beacon,  Sussex  ,    820 

Grasmere  Fell,  Gumberland  9756 

Qreenwicti  Observatory,  Kent  214 

Hampstead  Heath,  Middlesex  427 

Hatbersedge,t)erbyshire  .  1377 

Hedgehope,  Northumberland  2347 

Helvellyn,  Gumberland  3055 

Heosbarrow  Beacon,  Gomwall       1034 

MighcJere  Beacon,  Hampshire         900 
igh  Pike,  Gumberland  2101 


F«l 

Holme  MOs&,  Derbyshire  .  1^ 

Holyhead  Mountain,  Anglesea  709 
Inffleborough  ^ill,  Yorkshiia  m 
Inkpen  Beacon,  Hampshire  1011 

Kit  Hill',  CornwaU  J067 

Leith  Hill,  Surrey  .       993 

Landinan  Moantain,  Montgomery  1896 
Llanseinor  Moantain,  Glamorgu- 

shire    .  '  •    1859 

Long  Mount  Forest,  Shropshire  1^4 
LoDff  Mountain,  Moatgomeryshire  1390 
Lord's  Seat;  Derbyshire  1715 

Malvern  Hill,  Worcestershire  1444 
Moel  Fammau,  Denbighshire  1845 
J^ine  Standards,  Westmoreland  S136 
Orpit  Heights,  Derbyshire  980 

Pendle  Hill,  Lancasnire  1803 

Penmaen  Maur,  Gaemarvonsbire  1^ 
I^enpigeot  HiU,  Yorkshire  S^ 

Pillar^  Gumberland  2893 

PIynli9im6n  BAountain',  CaidigaD- 

shire  ^Mw 

Radnor  Forest,  Radnorshire .  Sl^ 
Rivel  Mountain,  GaernanroBshire  1866 

Rivington  Hill,  Lancashire  l^ 

Rodney's  Pillar,  (Base  of,)  Mont- 

gomery  HW 

Roseberry  Topping,  Yorkshire  10» 
Rumbles  Moor,  Yorkshire  J^S 

Saddleback,  Gumberland  ^ 

Sea  FeU,  (High  Point,}  Cumber- 


3166 

446 

S32) 

9004 
3571 
1417 


land 

Shooter's  Hill,  Kent 

Shunnor  Fell,  Yorkshire 

Skiddaw.  Gumberland 

Snea  Fell,  Isle  of  Man 

Snowdon,  Gaemarvonshire 

Stow  Hill,  Herefordshire 
Stow-on-the-Wpld,  Gloucestershire  fa 

Tregarron  Down,  Gardigaasbirc   1747 
Wendov^  Down^     Buckingbam- 

shire  90& 

Whernside,  in  Ingleton  Fells,  York- 
shire w»» 
WhemsidCf    in  Kettlewell.  Dale, 

Yorkshire  3^ 

White  Horse  Hill,  Berkshire        .^ 
Wrekin,  ShropSiire  13» 


iFFKinraci 


Wt 


Mmntaimi  if^  Scititm^ 

Of  the  height  of  ike  moimtauis  in  North  Bri^in,  I  believe  ihtte  ha?e  not  hith- 
«rta  been  any  rery  accamte  admeasuremeDta  taken.  The  foUompg  are  jome  of 
the  most  conaidemlei  with  the  heights  as  giren  by  different  writers: — 


Axthtur'adeat,  Edipbafgh  -       *     810 
Salisbary  Cnutts        ...     560 
HartfelJ,  Duinfriea-ahire  (snroosed ' 
by  Mr.  Jameson  the  highest  m  the 
sonth  of  Scotland)  5»00  or  3304 

Goatfield,  Island  of  Arran  -  »  3945 
Benlomood,  Stirlingshire  -  -  3263 
Benlawers^Perthslure  -  -  4051 
Ben  More«  Perlhfthire        r      -   3870 


Feet, 

Schehallien        -       -       88Slor3564 
The  moat  aoathem  of  the  Papa  of 

Johi  .....  S369 
BCoont  Battock,  Kincaxdineshiffe  3450 
Cairngorom  .  .  •  «  40^ 
Ben-Nevis,  Invemeas-shiiie  -  4399 
Macdai.  in  the  G;iimpiaas.  is  stated, 
by  late  adineaqurements,  to  he  <iO 
feet  higher  than  Ben-Nevis^ 


Bightsi  Mountains  intke  Pennine  Alps. 


Moot  Blanc     ....  15^534 

MofttCenrin^orthclklatterhoni  iM^^ 

JBfonte  Rosa     -       .       -       "  15,410 

AigniUe  de  q^ant    •       -       •  13^ 


Aiguille  d'Argenti^ra 
TheBnet    .    •   ,    * 

Peirt  da  Midi  • .     ^ 


13,370 
10,119 
10,500 


Uigkest  Ahi^Uains  in  the  Siiriss  AJpi. 


The  Finsteraarhom 

The  Jangfran 

The  Schreckhom    • 


-       -    14,307 
•       -    13,185 

.       -    12,873 

N.  B.  All  these  monatainit  are  aeen  from  the  charck-yard  at^Benie* 


The  Eiger 

T>e  MoDch  Eiger  - 

The  WeUerhom     ' 


13,590 
13,900 
13^130 


Bigh^  ibwUains  in  other  Partfi  ofEntopf, 


'    11,1001  Mont.  MAziA,,  the  (JeveMes, .  in 

France    -       -  *   >  -  .    0700 

Mont  d'Or,  dittif  -       -.  .    6180 

Cantal.  ditto       <-  ^       .  - '  6159 

Pi^y  de  D6mfe,  ditto  t       -  •'.4750 

Vesiivins,  Nicies  '  -       «  .    3800 

Monat  Aihos,  in  Gfreece    >  •>   €780 


Northern  Pyrenees  . 
Mont  Perdn,  ditto  -  -  -  .  10,950 
Yigne  Male,  ditto  -  -  -  10,945 
Le  Cylindre,  ditto  -  -  •  10,880 
jEtna,  Sicily  ....  10^590 
I«  Gran  Sasso,  in  the  Apennines  8455 
Mont  Vellno,  ditto  -  •  >  7860 
Loucyra,  in  i>anphin6     -       -,  13,548 

Very  fe#  mountains  in  Enrope,  north  of  the  Alps,  exceed  the  hcSght  of  9000 
liBet  .Some  of  the  moontains  u  the  chain  that  6q>arates  Norway  torn  Sweden 
jralher  exceed  that  height  •       '   .        .     , 


Lowest  LItu  of  Eternal  Bnow. 


At  the  Eonator  > 
LAtitQde30<>  - 
i^    . 


-  15,730 

-  15,000 
.      8300 


In  Switzerland  - 
Lathnde  65<^      - 


-  8000 

-  4800 


Passage*  of  tkeAips  which  lead  from  Qermwnf^  Switzerland^  and  J&ance, 

irUo  Italy, 


Passage  of  Mont  OervinConly 

practicable  on'  foot)  -  1 1,300 
Of  the  Parka  -  ....  8300 
The  Grand  St.  Bernard  -  •  8150 
The  Col  de  Ferret      -       -       -    7600 


The  Little  St.  Bernard 
Of  St.  Qothard  - 
Of  Mont  Oenis  - 
Of  the  Simplon 
The  Col  de  Tende     • 


Passages  in  the  Pyrenees. 


Portd'Or    - 

Port  Yiel  d'fistaaib^ 

PortdePin^e   - 


-  9850 
.    8400 

-  8300 


Port  de  Cavmnrie 
Passage  de  Toalmiiet 

48  • 


*  7900 

-  6780 

•  6730 

-  6610 

-  9880 


-  7650 
"   7130 
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PMtuges  in  SmUzerlamL 
^^  Feet.  I  FmL 

TheWengen^^      *       '-       -.  6750'|  The  Sheideck  to  Mejnringeik    «*    ttOO 

■  > 

Mmntoin5  t9»  Asia, 

The  Himmalaya  Moantaios,  in  Thibet,  are  the  highest  at  present  lmo«n,  ex- 
cept two  in  Upper  Peru,  which,  accordinff  to  Mr.  PenrtlaDd,  possess  an  equal  altir 
tude.  Accoramg  to  Dr.  Grerard,.  in  the  Valley  of  Snlei,  among  the  HimiuJayt 
MooAtains,  thel^e  is  onovill^  14,700  feet  above  the  level  of,  the  sea.  These 
moiiD tains  are  pastured  by  the  Thibetian  goaL  Crops  of  lye  are  grown  at  ik* 
elevation  of  14,900  feet. 


Hiounalava  Mountai^is,  from 

^,000  to  25,000 
Elbourzj  in  the  chain  of  the  Cau- 
casus   -       -       -       -       -    18,600 


Lebanon  -  -  J  -.  -  9500 
Mount  Sinai  •  -  5000toGOOO 
Several  Islands  in  the  Indian  Ocean 

10,000  to  13,000 


Mouniaim  pf  Africa,  ^        > 

The  ^graphy  of  AiVica  is  too ' little  "known  ts  afibrd  any  correct  account  6f  its 
mountains:  those  of  Abyssinia  have  been  estimated  to  be  equal  in  height  to  the 
Alps^  and  the  chain  of  Mount  Atlas  to  equal  the  Pyrenees. 

The  Peak  of  TenerijS^    - .  .  .    ,    .       .    12,236  feet 

Sowtk  America. 


Cliimborazo,  Ouito     .     «       -    S2,70i0 
Cotopaxi  .....    2d,320 

<^Illimani         -       -       -     '-    1^,350 


♦Borate  -  -  -  -  -  25,400 
Antisana,  Peru  -  -'  -  90,(SO 
Pic  d'Orizaba,  Mexico    -   .   -   17,368 


Some  very  lofty  mounthins  rise  on  the  wi^tem  coast  of  North  America;  bat 
few  of  the  mountains  in  the  Apalachian  chain,  or  the  Alleghany  on  the  easten 
aide,  rise  3000  fe^t  above  the  level  of  the  sea.   • 

Highest  habitable  parts  of  the  Globe. 
The  Farm  of  Antisana,  Peru     '  13,200  i  ♦Titiaco  Lak6         -       .       -   12,yW) 


City  of  Micuipamha  -  -  11,850 

City  of  Glnilo  -       -  -  -  9520 

•CityofPuno    -     .  -  -  12,8.30 

♦PotosiTown          -  *    t  -  13,350 

♦  -^ Mines      '    -  -  ,  16,0«0 

The  mountains  ani  town^  marked  ♦  are  situated  in  af  chain  of  the  Aides,  in 
XJpper  Perq,  interior  to  the  great  western  chein,  and  distant  from  the  Pacific  358 
miles  or  more.  Tb^  table  land  between  the  two  chains  is  covered  with  crops  of 
maize,  barley,  and  wheat.    In  this  table  land  is  situated  the  I^ke  of  Titiaca. 


♦Post-house  of  a  ti  -       -       -   14,409 
City  of  Mexico        ...     7400 
Hospice  of  St.  Gothard,  in  the 
Swiss  Alps'  -       »       .       -     €790 


Temperature  of  the  Thermal  Waters  in  England^  and  some  oAer 

parts  of  Europe, 

Paknnkeih 

Bristol -  74° 

Matlock         -  -  J.-,.  -66 

Suiton  -  ...  .  .  '-  82 

ath  -  -  -  -  .  ^  112^  and  116 

Vichy  (Auvergne)      -    .         -  -  -  -  120    • 

Carlsbad  (Bohemia)  -  -  -  -       .  J65 

^Aix  k  Chapelle  (Flanders)     -  -  .  -  143 

Aixjes  Bains  (Savoy)  -  .  «  .  117 

LeHk  (in  the  Haut  Yalais)       "  '  '-  -  1 17'>  to  126 

Bareges  (South  of  France)     -  *  -  -  liO 
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t)N  THS  THERMAL  WATERS   dF  TBS  ALPS. 

f 

This  paper  was  publiBhed  by  the  Author  in  the  **Philofophical 
Magaiine  and  Annals,'-  January  )B27 ;  and  a  nearly  similar  accoant 
was  given  in  his  «*Tk^vel8  in  t!ie  Tarem^ise/Mn  18^..  The  ther- 
mal watera'of  the  Alps  had  before  been  regardeil  as  merely  local  and 
micoiinected  ohenoniena,  scarcely  deserting;  the  notice  of  geolomta.' 

When  we  approach  a  range  of  lofty  mountains,  like  that  of  the  Pen- 
nine Alps,  and  observe  the  calcareous  strata  on  the  outer  part  •£  the 
Tange^  bent  and  contorted  in  various  directions ;  when  we.Airther  ob- 
serve ^eds  of  limestone  and  puddingTstone  alternating  and  plaeed  io 
an  elevated  position,  as  we  advance  to  the  central  part  pf  ^e  i%nge; 
and  that  the  beds  of  granite  in  the  central  part  are  frequently  verti* 
cal ;  we  feel  assured  that  their  present  contorted  or  vertical  position. 
Is  not  the  original  one*  .  The  opinions  of  ^xeologists  have  been  mudi 
divided  respecting  the  cause  or  causes  that  have  elevated  monntaitis, 
ani  given  a  vertical  position,  to  beds  that  once  format  the  bottom  of 
the  ocean. .  Those  who  maintain  that  subterranean  heat  has  expanded 
and  broken  the  sol^  criist  of  the  globe,  .and  has  raised  from  vast 
depths^e  ancient  bed  of  the  ocean,  appeal  to,  a  cause  that,  is  known 
to  exist,  and  Which  s^em  sufficient  ito  explain -most  oif  the  various  ap^ 
pearances  which  Alpine  regions  present  ^ 

In  opposition  to  this  theory,  it  is  asserted  that  (here  are  no  remain- 
ing vestiges  of  the  action  of  subterranean  fire  in  the  Alpsc  but  this  I 
am  convinced  is  erroneous.  It  ia  truev  that  fVoin  near  the  source  of 
th^  Rhone,  to  the  foot  of  the  .Little  St.  Bei^hardi  there  does  not  occur 
any  known  rock  of  a.  volcanic  character,  with  the  doubtful  exception 
of  some  rocks  in  the  valley  of  Sass,  and  in  the  Valorsine.  I  Jiave  ex- 
amined various  parts  of  this  range  on^the  northern  side  of  the  highest 
monntains  in  the  Alps,  along  a  line  of  one  hundred  and  twenty  miles  ; 
and  though  I  could  discover  iio  indications  0f  t^e  action  of  subteh'a- 
neanheat  in  the  rocks  themselves,  I  was  greatly  surprised -to  observe 
the  nonerous  thermal  springs  that  are  abundantly  gushing  out  at  the 
fe€|t  of  the  primary  mbuntains,  near  the  junction  of  the  niica-slate,  or 
the  dark  schist  pacing  into  the  mica-slate,  with  the  lowest  ealcareoua 
beds  of  that  vast  series  of  limestone  strata^  which  forms  the  outer  ran* 
gee  of  the  Alps.  Numerous  as  these  hot  springs  are  on  the  northern 
side  of  the  Alps^  and  not  unfrequent  on  the  southern,  side  also,  it  ap- 
paared  to  me  remarkable,  that  they  had  hitherto  been  Regarded  as  iso- 
Sited  phenomena ;  and  that  their  geological  position  )iad  not  be^nno- 
tided.  It  is  true,  some  of  the  warm  springs  iii  the  Valais  and  in  Sa» 
Toy  had  been  long  .linown  and  visited.  Bpt  the  greats  number  has 
been  discovered  since  Saussure  published  ^nsYxfya^es  dans  lea  Alpeg^ 
and  it  appears  probable,  that  they  Would  eyerj  where  be  found  near 
the  junction  of  the  priihary  ^nd  secondary  rqcks,  -were  it  not  for 
ebaulements  that  have  covered  them  with  a  heap,  of  ruinsy  or  that  tor^ 
rents  from  the  glaciers* have  mixed  with  them,  and.  reduced*  their  tem- 
perature. Since  I  viaitod  Savoy  in  1821  and  1822,  anothereonsidera^ 
ble  warn  spring  has  been  discovered  near  the  village  of  Chamooai,  at 
the  foot^of  a  glacier ;  and  in  1820  several  thermal  Springs  were  <tiscov- 
efed  in  that  branch  of  the  Alps  which  extends  to  Grenoble. 
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I  shi^ll  here  briefly  enumerate  the  principtl  known  thermal  waten 
in  the  Penoine  Alps,  and  add  some  observations  and  iAferenees,  which 
I  trust  will  be  ftCceptable  to 'Several  of  your  readers. 

Natbrsv  in  the  Haut  Valad^i — The  warm  spring  rises  under  a-rock 
of  mica-elate  on  the  nof  th  aide  of  the  Rhone.  The  temperature  when 
I  Tieiled  the  place  was  8d^  Fahrenheit ;  but  it  is  Tariable,  from  the  In- 
termixture with  surface-watjer.  At  the  ^me  of  the  great  earthquake 
nt  Lisbon,  in  1766,  the  mountain  arbovQ  the  spring,  I  was  infofmedt 
opened,  and  threw  out  a  considerable  quantity  of  hot  water. 

Lxvir,  in  the  Haut  FaZaiA,-^-<ituated  in  a  deep  gorge  on  the  north- 
ern side*  of  the  Rhone*  Thei^  are  twelve  springs,  rarying  in  temfite- 
ratiire  from  117°  to  196^.  Theee  springs  have  been  long^kaowDt  «id 
are  visited  by  patients  from  various  ^arts  of  Europe; 

Tttp  Vallbt  of  Baones,  in  the  BasValais. — The  warm  springs  is 
this 'Valley  were  buried  under  a  heap  of  debris  from  the  fall  of  |)en  of 
a  mountain,  which  destroyed  the  bbihs,  the  vilJage  of  Bagnes,  and  120 
inhabitants,  in  the  year  1645.  ^he  nama  of  the  .valley  is  obviously 
4erived  from  the  baths.  *The  temperature  of  the  water  unknown., 

Chaxou^i.-—- The  thermal  waters  at  this  place  have  been  discOveted 
eincel  visited  Chamouni  in'  1821.  I  have  received  no  account  of  the 
temperature ;  baths  have  recently^  been  erected.  The  situation  is 
near  the  junction  of  mica-slate,  with  the.  lowest  beds  of  secondary 
limestone. 

P  St.  GiRtAiflSf-^ituated  in  a  deep  gorgeon  the  north-east  side  of 
Mont  Blanc.  The  thermal-  water  risies  pear  the  junction  of  mics-slate 
and  limMone.  'the  temperature  94°  to  96°.  Thia  spring  was  dis- 
covered about'  the  year  1805 :  it  Im  very  copious.  Baths  have  lately 
been  erected^  and'  are  much  frequented.  ' 

Aix  Li/i  Baius^  im Savoy; — the  temperature  from  112°  to  117°. 
The  thermal  waters  rise  in  great  abundance  from  two  springs,  sitnated 
at  the  foot  of  a  lofty  calcareous  mountain,  and  are  near  the  bottom  of 
die  great  caicareoue  formation  that  forms  the  outer  range  of  the  Alps: 
there  are  also  numerous  hot  springs  in  the  vieinityv  which  the  Sardin- 
ian government  will  not  allow  to  be  opened.  Of  the  mode'of  douch- 
ing lit  these  baths,  I  have  given  a  particular  account  in  .the  first  volume 
of  my  Travels  in,  Sdvoy^  Switzerland^  and  Auvergne*  -  The  thermal 
waters  of  Aix  were  well  known  to  the  Romans. 

Mottt^BRS,  in  the  Tarentaise, — The  thermal  waters  rise  in  great 
abundance  from  the.  bottom  of  a  nearly  perpendicular  mass  of  lime* 
stonev  From  the  position  of  this  rock,  and  its  connection  with  those 
on  the  opposite  side  of  the  valley,  in  which  the  hot  spi^ngs  rise,  I  have 
no  doubt  that  it  is  the  lowest  calcareous  bed  .in  that*  part  of  the  Alps ; 
but  its  junction  with  mica  or  tafcose  slate  is  not  Here  seen.  Tiie  ther- 
mal waters  of  Moutiers,  contain  about  two  per  cent  of  saline  matter, 
chiefly  cotimon  salt.  The  process  of  extrtctiAg  it,  I  hare  deecribed 
in  the  Philosaphicai  Magazine^  vol,  bdti.  p,  .86. 

Brida,  in  the  Tarentaise.-r^The  thermal  waters  of  Brida  were  no- 
ticed in  the  ancient. records  of  Savoy,  but  they  were  covered  during  a 
eaddeil  inundation  of  Ithc  valley,  and  their 'situation  was  concealed  for 
many  years.  In  the  summer  of  1819,  another  inundation,  occasioned 
by  the  breaking  down  of  the  side  of  the  glacier,  laid  open  the  apring 
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•gtiou  The  rock  from  wbich  the  spring  rises,  w  a.  greenish  talcose 
slate,  pacing  ip{o  ii4ca<-dlate :  it  is  in  conjanction  with  limestopcit 
The  temfpeaature  of  the  water  is  from.  93^  to  97^  Fahrenheit.  Tlia 
geological  position  of  this  spring,  is  more  obTious  than  that  of  anf 
of  the  other  thermal  waters  wbiehl  visitedy  being  situated  elose  to  tfaio' 
steep  beink  of  the  ri?er  Doron,  where  Jboth  the  rocks  are  laid  bare.* 
There  are  some  warm  springs  on  the  opposite  bank  of  this  rivejp, 
which  rise  in  limestone ;  but-  the  temperature  is  l'ower,owing  toan.in- 
termixture  wiih  common  water. 

Sautb  job  'iPucBi.|.B,  or  Virgin's  Leap, — There  is  a  Tery  copioi^e 
thermal  spring  rising  from  the  bottom  of  a  perpendicolat  reck  i|ear 
the  isere,  between  the  town  of  Moutiers  and  Bt.  Maurice,  at  the  foot 
of  the  Little  St*  Bernard ;  but,  owing  to  the  difficulty  of  access  io  it,  I 
did  not.visit  it,  to  ascertain  its  temperature, 

Be8id.e  the  above  thermal  waters,  in  the  Pennine  Alps,  various  ther« 
mal  springs  were  discovered  in  the  adjacent'  Alps,  -  near  Grenoble,  in 
the  year  18^;  and.it  seems  probable,  that  a  series  of  these  springs 
might  be>fouttd,  were  proper  search  made,  extending  )V'estward  to  the 
thermal  waters  of  the  Pyrenees*;  ibr  in  this  liile  we  should  apptoack 
thesouthern  border  of  the  ;volcainc  district  of  France.'  On  theltaK 
ian  side  of  the  Pennine  Alps;  there  are  also  thermal  waters  r.the  w^rm 
baths  of  Oormayeur  and  of  St  Dididr  .are  situated  almost  iinmediately 
under  the  southern  escarpment K)f  Mont.  Blanc.  I  v^as  prevented  by. 
the  weather,  from  examining  the  geological  ipositien  of  these  springs : 
their  temperature  is' stated  to  bq  949  of  Fahrenheit* 

The  inference  that  may  be  drawn  fron^  the  geological  position  of 
these  .thermal  waters  near  the  junction  of'  the  caloareoito  .beds  with 
mica-slate,  or  the  dark  schist  which  passfes  into  inii^a-^slate,  is,  that  the 
waters  do  not  rise  from  the  upper  strata,  byt  spring  out  of  the  lower  or 
primary  rocks ;  and  as  they  break  out  near  the  feet  o^  the. highest 
range  of  the  Alps,  that  extend  from  the  northe^rn  side  of  ^be  ^mpl<^n 
through  the  Valais  and  Savoy  into  France,  we  may  with  much  proba'^ 
bility  infer,  that  these  mountains  are  situated  over  or  near  to  onecojUi* 
mon  source  of  heat,  by  the  agency  of  which  they,  were  ovi^a)ly  ele- 
vated, and  Iheiar  beds  placed  in  a  position  neariy  vertical.  Thift  infer- 
eace  is  in  some  degree  supported  by  the  well-attested  fact,  that  this 
districts  where  the  hot  springs  areeituated,  are  subjeot-to  great  an,a 
freqnekit  convulsions,'  particulariy  in  the  upper  valley  of  the,  Rhone* 
In  the  year  1766,  at  Brieg,  Naters,  and  licuk,  the  ground  ^iras  agitated 
by  earthquakes  evei^  day  from  the  lajt  of  November  to  the  ^th^  of. 
February ;  some  of'  the,  shocks  were  so  i^iolenty  that  the  steeples  of 
the  chufjches  werp  thrown  ddwji,  the  walls  split,  and  many  houses  ren^ 
dersd  uninfaabiteble:  .many  of  the  Springs  were  dried  op,  and  the  wa*. 
ters  of  the  Rhone  were  observed  to  boil.  At  three  different  tifves  the 
inhabitants  abandoned  their  houses,  and.  fled  for  safe^  into  the  fie|ds« 
It  has  been  betore  menti^bned,  that  the  mountain  above  thcvwaml 
spring/at  Naters,  dpened  during  the  time  of  the  great  earthquake,  at 

—  '  — ■■     — • 

*  Nearly  all  the  thermal  waters  in  (he,  Alps,  emit  ^ulphure(i;us  vapours,  and  are  , 
slightly  saline,  exc^t  th6  waters  of  Leak,  wnich  have  the  highest  temperature, 
•ad  are  iaddorMis^  and  frse  from  taline  impregnation. 
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Lisbon,  ahd  threir  out  hot  water  $  at  the  same  period  the  warm  salipe 
springs  at  Moittiers  ceased  to  flow  for  fort]^eigrht  hotirs.  When  thte 
water  x^turned,  the  qfaantity  was  said  to  be  increased,  and  the  saline 
impref  nation  was- weaker.  Former  and  more  formidable  a^tadonsof 
the  earth  are  recorded  in  Uie  Haut  Valais,  particularly  in  the  district 
Where  the  principal  hot  springs  are  situated.  The  last  earthquake  of 
consequence  in  ihe  Valais  took  place  in  January,  1803. 

I  am  informed  that  sereral  of. the  retired  vaUeys  on  the  Italian-side 
;of  the  Alps,  at  the  foot  of  the  central  chain,  are  subject  ta  earthquakes, 
during  which  the  grounii  has  opened  or  sunk  down  in  various  parts, 
tho.Agh  these  Effects  have  been  too  local,  to  excite  attehtioif  at  a  dis- 
tance* From  these  facts,  it  seems  as  reasonable  to  iafer  that  the  ther* 
maf  waters  of  the  Alps  owe  |heir  high  temperature  to  sobterraneao 
fife,  as  that  the  hot  springs  in  countrij^s  that  hare  formerly  been  vol- 
canic,"derive  tfieit  waf mth  from  an  internal,  unextinguished,  but  qui- 
«scentf  source  of  heat  No  person  who  had  attentively  examined  the 
lofty  granitic  plain  to  the  west' of  Cleirroont  Ferrand  in  France,  and 
observed  the  granite  in  various  parts  piiereed  through  by  ancient  vol- 
canoes'thai  have  poured  currents  of  lava  over  its  surface,,  or  seen  odi- 
^r  parts,  where  the  graniCtf  itself  has  been  changed  by  its  contfgdty 
to 'subterranean  fife,  or  upheaved  and  intermixed  with  volcanic  rocks; 
ito  one,  I  say,  who  has  observed  this,  can  doubt  that  the  hot  springs 
o.f  Mont  d'Or  and  Vichy,  derive  their  high  temperature  from  a  source 
of  heat  situated  beneath  the  granite  mountains,  though  ages  have  pass- 
ed away  since  the  irolcanoes  of  that  country  have  been  in  an  active 
state;  and  the  only  proof  of  th<l  present  existence  of  subterranean  fire 
In  Auvergne,  is  to  be  found  in  th6  hot  UpVings  themselves.  Nor  can 
any  adequate  rekson  be'assigned,  for  attributing  the  high  temperatore 
of  t)ie  thermal  waters  in'^the  Alpsyto  any  other  cause  than  to  a  sovrce 
of  subterranean  fire  under  these  mountains, — a  cause  which  is  soffi* 
clent  also  to.  have  produced  their  original  elevation.  It  is,  however, 
proper  to  state,  that  ito  someof  th6  mountains  of  the  Alps,  the  tempe- 
ratut'e  maybe  -slightly  increased  by  a  cause  hitherto  unnoticed.  In 
the  upper  part  of  the  secondary  formations  covering  the  granite,  there 
are  beds  of  gypsum,  and  this  gypsum  is  anhydrous';  but  when  exposed 
%o  air*  and  moisture,  it  combines  with  water,  and  passes  to  the  state  of 
common  gypdum :  during  this  combination  we  may  appose 'heal  to 
be- evolved ;  but  the  process  must  be  extremely  slowj*  and 'the  heat 
etolyed,  must  be  totally  inadequate  to  raise  the  temperature  of  f>ow* 
•erAii  streams  to  1:26°,  Saussure  found  the  temperature  of  the  water 
in  the  lower  part  of  the  isalt  mines  of  Bex^  which  are  situated  in  the 
vicinity  of  gypsum,  to  be  four  degrees  bf  Reaumur  higher  than  the 
mean  temperatute  of  the  earth.  It  is  not  improbable,  though  Saus- 
sure' was  not  aware  of  the  circumstance,  that  this  small  increase  of 
teteperature  in  the  itaines  of  Bex^  might  be  partly  owingf  to  the  combi- 
nation  of  Wat^  with  gypsum :  however,  an  increi^-of  temperature, 
IjL  is  well  known,  is  obseryed  in;  deep  mines,  far  iremoved  from  the  gyp- 
sum formration. 

In  reply  to  what  I  have  advanced  respecting  the  thermal  waters  in 
the  Pennine  Alps,  it  .may  be  said,  that  few  thermal  springs  have  been 
yet  discovered  in  the  northern  range  of  the^lps  which  form  the  Ber- 
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mese  Oberland ;-  but  the  differeqce  in  the  geological  ttmetUTB  of  tk^ 
iWQ  raoges  will,  I  conceive,  be  sufficient  to  explain,  whjr  hot  springa 
are  more  rare  in  the  latter  than  .in  the  southern  range*  Mpst  of  the 
highest  moHiitains  in  the  Bernese  Alps  are'  eotered  with  secondary 
strata;  and  the  yalleys.are  chiefly  excarated  in. these  strata,  or.ih 
enorinovs  beds  of  ^ndstoncand  congJomeiate/  that  foriq  a  thick  in- 
tervening mass  betwec^^tfae  surface  and  the  primary  itocks,  sufficient  to 
obsy^ct  the  rise  of  thermal  Waters ;  fo.r  it  has  before  heen. stated,  (hit 
all  Uie  thermsl  waters  in  the  Pennine  Alps,  issue  from  the  primary 
rocks,  or  itear  their  junction  with  the  lowest  calcareous  strata/  . 


ON   THE  TlBMPERATVRB  Or  MHjTBS  AW  WELLS. 

It  was  stated  in  Chap.  XXIY.  that  4he  iempentture  of  die  water  in 
Artesian  wells  (or  those  wells  formed  by  boring)  had  beet)  found  in 
Fhince  to  increase  about  P  centigrade  for  25  metres  in  depth.  But 
this  increase  of.  temperature  li^  sometimes  vapable  in  different  sitfia'^ 
tioDs.  Franc)e  has  been  the  seat  of  active  volcanoes  at  no  remote  ge* 
ological  epoch ;  and,  in  the'  volcanic  districts,  there  are  numerous  hot 
springs  remaining :  it^is,  therefore,  not  imprbl^able  ihat,  in  the  south* 
em  and  central  departmehts,'  the  increase  of  temperature  wi^  the  in* 
crease  of  depth  in  Artesian  wells,  may  be  derived  fi:om  the  remainaof 
volcanic  heat.  In  England,  many  borings  for  ;water' have  been  exe- 
cuted ;  but  I  am  not  aware  oi  aity  experiments'  having  been  made  on 
tlie. water  to  ascertain  the  tempetatnre.  At  Bost^',  in  lliineolnshire, 
water  was  bored  for  to>the  extraordinary  dept)i  of  600 feet:  the  bor* 
ing»  during  the  whole  depth,  was  in  clay;  and  the  experiment  v^suii* 
successful,  no  good  water  being  obtained.  It  is'  tp  be  regretted  that 
the  temperature  of  the  water  at  that  depth  had  fiet  been  asceMaihed: 

Many  experiments  have  been  made  on  the  te^iperature  .both  pf  the 
air,  the  water,  and. the  rocks  in  mines,  at  different  depths ;  and' the 
general  results  of  each  have  indicated  a  considewle  increase  of  heat 
with  the  increase  of  depth.  In  Dolcoath  copper  mine,  Mr.  Fox- found* 
the  temperature  of  tfie  water  (at  about  480  yards  from  the  surface)  to 
be  more  than  '30^  of  Fahrenheit  above  the  tnean  temperature  of  the 
country.  A  thermometer,  plunged  into . the  earthy  maiterf  at  the*  bot- 
tom of  another  mine' in  the  same  county,  400  yards  deep,  .^ind' which 
had  been  inundated  for  two  days,  was  rai;<{ed  38°  above  the  mean  1^- 
perature.  i  appreheind  that  in  ^hese  instances,  and' in  many  others 
that  hayebeen  stated^  6ne  source  of  error  has  npt  been  sufficientjly  at- 
tended to^  viz.  the  increase  pf  heat  by  chemical  changes  diat  are  ta^ 
king  place  in  the  mineral  .substances  in  mines,  ifom  access  te  <water  or 
the  atmosphere.  I  was  informed  by  working  miners  in  Cornwall, 
that  they  could  generally  tell  when  they  were  .approaching' to  a  cop- 
per lodet  by  the  increasedr.warmth  of  the  water ;  but  this  was  not  the 
case  when  they  cam^,to  a  lode  of  tin  bre.^  The  cause  of  this  warmth 
•seemft  very  intelligible :  th0  copper  ore  of  Com  wall  is  chidfly  a  mix^ 
ture'of  iron  pyrites  and^eopper  pyrites ;  ana  it  i»weU  known  ^hat  ironr 
pyrites  is  more  or  lesis  decomposed'  by.  the  access  of  air  and  wateri| 
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t|id  Aat  beat  is  erolV^ ;  but  this  is.  mi  tbe  cue  with  tin  stone  or 
fixide  of  tin< 

Id  the  pirecedurg^  article,  I  have  pointed  ovl  a  probable  eansfS  of  the 
mcreaseof/tempetattire  In  the  waters  of  the  salt  mines  at  Bei,  ia 
iSfwiteerlandt  which  h&diiotbe£>re:be^  notieed» 

On  tbe.Mrhole,  howeTer,  majung  every  allowance  for  errors  .from 
▼arioDs  eanies,  the  ^videooe  (or  a  considerable  increase  of  heat  with 
thi?  iBci^seof  depth  in  minet  appears  to  be  establishedy  thongh  the 
aikioont  of  that  increase  remains  to  be  ascertained.    '  .  - 

Humboldt  ststes  that*  from  obserrations  naade  in  mines  and  cares 
in  every  zone,  it  is  proved  that  the  heat  of  the  earth  is  limcb  greater 
than  the  mean  temperature  of  the  atmosphere  at  the  same  places^ 


'OH  TiUB  S17RFACS  OV  THB  MOON* 

GboI^ooibxs  have  not  hitherto-negarded  with  due  attention  tbe  phys- 
ical structure  o(the  ttioo^  u  it  ipthe  only  planetary  bodypUu:^  soffi- 
cientiy. ne^  us,  to  have  the  ineqtialities  df  its  sur&ce  rendered  du- 
tinoUy  visible  with  the  telesdppe.    Attiendant  on  the  earth,  andl^e^- 
ing  the  fame  quantity  of  solar  light,  aqd  nearly. the  same  density,  ve 
.  may  xiBasofmblv  infer -that  the  mineral  sutrntances  of  which  it  is  com- 
posed do  not  differ  Essentially  from  those  on  the  surface  of  our  own 
planet.  ^  Astronomers  now.generaUy  admit  that  the  moon  is  surronnd- 
pA  with  e  tery  cl^r.  atmosj^ere ;.  but  whi<A  is  so  low,  that  it  scarcelj 
pGcasiohsa  sensible  refraction  tpf  tbe  rays  of  light  when  it  passes  ot^ 
the  fixed  stats.    .Many  of  the  dark  pert^  ef  the  moon,  particularly  the 
])art  ailed  Mare  Crisium^  appear  to  l^e  covered  with  a  fluid,' which 
mitj  probably  be*  atiore  thtnspsx^nt  and  less:  dense  than  water,  as -the 
'form  of  the  rooks  and  tira4e^  beneatit  itar^  seeii,  but  not  so  distinctly 
as  in.theJigbterper^  of  ijhe  moon's  surface.    To  examine  the  moon 
with  a  reference  to  Its  external  structure,!  the  defining  power  of  the 
.  tel^scoipe  shotild  be  of  the  first  quality,,  sufficient  to  show  the  project 
iiqns  ojf  Jbe  quter^/illuminated  limb  as  distinctly  as  tbey  appear  wnea 
the  moon  is  passing  over  the  disk  of  the  sun,  during  a  solar  eclipse. 
With  i^uoli  » telescope,  and  a  sufficient  degree  of  light  and  of  magni- 
fying power,  .almost  every  part  of  the  moOn's  sm^ce  appears  vol- 
.eajSie,  cont^ntng  craters  of  enormous  magnituii^  and  vast  depth :  the 
sBelVing  rocks,  and  the  differ^entiotemalndges  within  them,  maikthe 
station^  at  which,  the  l%va  has  dtood  and  formed  a  floor  during  differ- 
ent eruptions  \  while  the  volcanic  cones  in  some  of  the  craters  resem- 
ble thosQ  formed  witUn^he  craters  of  modem  volcanoes.  • 

.The  largest  volcanic  motmtaia  on  the  sduthern  limb  of  the  moon, 
(eaikd  by  some  astronomers  Tycbo,  and  by  ot&efs  Mount  Sinai,)  like 
the  li^rgest  volcanic^  mountain  6n  the  eajith,  CbiniboriiEo,  and  like 
Mont  d'Or  and  the  Puy  de  Dome  in  Auvergne,  has  no  deep  crater  on 
its  summit  There  are,  indeM,  the  oudinee  ^  the  enter,  init  it  if 
nearly  filled  up ;  wUle,  from  the  foot  of  this  lunar  mountain,  di veil- 
ing stre^n;is  of  Java  flow  in  difierent  directions,  to  the  distance  Of  six 
bimdred  miles.    The  largest  currents  of  h^va,  from  lofry  volcanoes  on 


the  fiUftii,  generally  imue  from  their  flanks.  The  longest  known  ear- 
rent  of  modern  lava  is  in  Iceland-^it  extends  sixty  miles ;  bnt  the  vol- 
canoes in  that  island  bear  no  proportion  to  the  magnitude  of  the  Innar 
volcanoes. 

Geologists  who  are  reluctant  to  admit  ihe  extensive  agency  of  fire 
on  the  surface  of  the  terrestrial  globe,  would  have  their  difficulties  re- 
moved, were  they  to  study  attentively  the  surface  of  the  moon  with  a 
powerful  telescope ;  for  there  we  see  the  entire  hemisphere  of  a  plan^' 
etary  body  subjected  to  the  agency  of  volcanic  fire. 

Since  my  return  from  the  extinct  volcanoes  of  Auvergne,  I  have 
frequently  amused  myself  in  comparing  the  structure  of  parts  of  the 
moon's  surface  with  that  of  the  volcanic  districts  in  central  France  i 
and  I  could  scarcely  avoid  the  conclusion,  that  the  summits  of  many 
volcanic  mountains  in  the  moon,  which  reflect  so  much  more  light 
than  the  other  parts,  are,  like  those  in  Abvergne,  composed  of  rocks 
analogous  to  white  pumice  or  trachyte.  I  have  suggested  these  hints^ 
to  direct  the  attention  of  geologists  and  astronomers  to  our  attendant 
planet  Is  it  inhabited  ?  la  it  passing  to  a  haJ)itdble  state  f  or  doesi 
it  present  the  ruins  of  a  former  habitable  globe^  torn  by  the  power* 
ful  agency  of  volcanic  fire  ?  Its  appearance  seems  most  to  agree  with 
the  latter  condition.  Perhaps  the  perfection  to  which  telescopes  are 
advancing  on  the  Ck>ntinent  may  enable  astronomers^  at  no  distant  pe- 
riod, to  answer  these  questions. 


ORBICULAR   PORPHYRY  AND   ORBICULAA   GRANITE    OF   CORSICA^ 

»■ 

Th£8£  are  two  of  the  most  rare  and  beautiful  rocks ;  but  little  is 
known  respecting  their  relation  with  other  rocks  in  that  island.  Ac- 
cording to  specimens  of  considerable  size,  which  I  have  before  me, 
this  porphyry  is  composed  of  compact  felspar,  varying  in  colour  from 
a  greenish  to  a  reddish  brown.  The  globules  vary  in  diameter  from 
one  third  of  an  inch  to  three  indies.  The  most  perfectly  formed  glob- 
ules have  a  small  globule  in  the  centre  of  each«  from  which  ranges  of 
minute  globules  diverge,  giving  to  the  large  globules  tHe  appearance  of 
a  radiated  diverging  structure,  more  or  less  regular.  In  the 'smaller 
globules  there  are  concentric  circles,  which  disappear  in  the  larger 
ones,  except  near  their  superficies.  The  paste  in  which  these  glob- 
ules are  imbedded  contains  also  minute^  globules  of  lighter  coloured 
felspar,  variously  arranged.  The  larger  globules  are  some  of  them 
elongated,  as  if  they  had  been  in  fusion.  The  experiments  of  Mr.  G. 
TVatt  on  basalt  (see  page.  146)  elucidate  the  formation  of  orbicular  por- 
phyry- 

The  globular  structure  was  probably  developed  during  the  semili- 
quefaction  of  the  mass,  which  formed  globules,  instead  of  perfect  crys- 
tals, as  in  common  porphyry.  The  globules  in  the  Corsican  porphy- 
ry can  be  easily  detached  from  the  mass.  Common  porphyry,  in 
which  the  imbedded  felspar  occurs  in  rounded  spots,  is  called  vario- 
lite. 

The  orbicular  granite  of  Corsica  is  better  know  in  this  country  r  it 
is  a  finely  granitic  rock,  composed  of  white  felspar  and  blackish  green 
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hornblende,  with  grains  of  quartz.  In  this  rock  are  numerous  ^lebdes 
composed  of  concentric  coats  of  hornblende  and  felspary  varying  in  di* 
ameter  from  one  inch  to  three  or  four  inches.  In  the  centre  of  each 
globule  there  is  a  particle  of  hornblende.  The  globules  appear  inti- 
mately united  with  the  rock  in  which  they  are  imbedded,  and  cannot  be 
detached  from  it.  *  The  orbicular  granite  takes  a  more  even  polish 
than  the  porphyry,  and  is  one  of  the  most  beautiful  granitic  rocks. 


ON    FRESHWATER   FORMATIONS. 


* 


Dr.  Macculloch  has  claimed  the  merit  of  being  the  first  writer 
who  directed  the  attention  of  geologists  to  the  circumstance,  that  some 
species  of  marine  animals  can  live  when  removed  into  fresh  water. 
But,  in  the  second  edition  of  this  work,  published  in  1815  (p.  461  and 
462),  I  stated  my  opinion  tha(  the  evidence  of  certain  species  of  shells 
being  marine«  or  freshwater,  resteil  on  too  slight  a  foundation  ;  and 
that  I  was  informed  by  Mr.  Leckie  of  a  circumstance  which  proved  that 
marine  animals  have  greater  facilities  of  adaptation  than  naturalists 
generally  suppose. 

*'  The  lake  of  Lentini  in  Sicily  is  stocked  with  a  sea  fish  called  the 
Cefalo — ^a  species  of  mullet  caught  in  the  Mediterranean,  and  thrown 
into  the  fresh  water  of  the  lake,  where  tliey  not  only  live,  but  increase 
greatly  in  size  and  improve  in  fiavour,  and  are  a  considerable  article 
of  luxury  in  the  island.  This  lake  has  no  communication  with  the 
sea,  and  is  chiefly  filled  with  rain  water.'' 

The  evijdence  of  certain  geological  formations  being  marine  or 
freshwater,  cannot  rest  securely  upon  the  occurrence  of  a  few  spedes 
of  marine  or  freshwater  shells,  but  on  the  general  character  of  the  as- 
semblage of  organic  remains.  If  shells  belonging  to  species  or  gene- 
ra that  are  known  at  present  as  inhabitants  of  rivers  or  lakes,  occur 
with  abundant  remains  of  terrestrial  animals  and  vegetables  in  partic- 
ular strata,  and  no  marine  species  are  mixed  with  them,  we  can  have 
little  doubt  that  such  strata  were  deposited  in  fresh  water:  norwoiJd 
the  freshwater  origin  of  the  strata  be  invalidated  by  the  admixture  of 
a  few  individuals  of  marine  species;  because  we  might  with  probabil- 
ity infer,  either  that  the  animals  were  capable  of  living  in  fresh  water, 
or  that  they  had  been  drifted  by  high  tides  or  inundations.  The  char- 
acter of  the  formation  must  be  taken,  as  before  mentioned,  from  that 
of  the  assemblage  of  organic  remains. 


FURTHER    OBIsERVATIONS    ON    THE    INTERMIXTURE   OF  RUHAN  BONKS 
WITH   THOSE   OF    BEARS,    IN    THE   CAVERN    OF   MIALLET. 

The  remarkable  intermixture  of  human  bones  with  those  of  bears, 
in  the  cavern  of  Miallet,  in  the  department  of  Grard  (see  p.  307.,)  has 
received  further  elucidation  by  a  subsequent  examination  of  M.  Tes- 
sier,  of  which  an  account  was  read  to  the  Geological  Socie^  of 
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France,  NoTemlier,  1831.  The  opening  of  the  carern  is  Bitnated  on 
the  steep  declivity  of  a  rock  of  magnesian  limestone,  subordinate  to 
lias ;  it  is  about  27  feet  in  height,  and  13  feet  in  breadth.  The  floor 
of  the  cavern,  at  some  distance  from  the  entra'nce,  rises  so  rapidly  to 
the  roof,  that  it  is  difficult  t6  stand  upon  iti  The  soil  is  composed  of 
dolomitic  sand,  more  or  less  intermixed  with  a  greasy  mud,  and  cov- 
ered, in  some  parts,  with  stalagmite.  About  170  feet  from  the  en- 
trance, on  the  lower  part  of  the  ascending  floor,  under  a  bed  of  sandy 
mud  from  eight  to  sixteen  inches  thick,  human  bones  are  found  in 
abundance :  they  are  very  fragile  and  light,  and  intermixed  with  frag- 
ments of  pottery.  The  grotto  divides  into  scTeral  low  tunnels  {boyauz.) 
M.  Tessier  crawled  along  some  of  these  descending  tunnels,  and  found 
numerous  bones  of  bears  intermixed  with  tho^e  of  men  and  infants, 
among  dolomitic  sand.  But  the  most  remarkable  circumstance  he 
mentions  is,  that  bones  of  bears  are  incrusted  with  mud,  .and  attached 
to  the  roof  of  the  cavern.  This  proves  that  the  cavern  had  been  filled 
with  bone  mud  {limon  a  ossemens)  by  the  violent  action  of  water, 
olherwise  the  bones  of  bears  that  inhabited  the  cavern  woold  all  have 
been  found  at  the  bottom.  It  is  most  probable  that  the  cavern  was 
originally  inhabited  by  bears,  and  afterwards  inundated 'by  mud  and 
water;  that,  at  a  later  epoch,  it  became  the  residence  or  sepulchre  of 
a  rude  people ;  but  was  subjected  to  a  second  inundation,  which  drift- 
ed the  bones  of  bears  and  men  into  the  distant  low  passages.  At  a 
still  later  period,  the  cavern  had  been  opcasionally  used  for  a  sepul- 
chre by  the  Romans,  as  a  skeleton,  with  a  lamp  and  bracelets,  were 
discovered  on  the  surface  of  the  floor.  M.  Tessier  says,  that  the  river 
Gardon,  before  it  had  excavated  its  present  deep  bed,  might  have  oc- 
casionally caused  great  inundations,  which  filled  the  cavern  with  wa- 
ter. Whatever  theory  may  be  adopted  respecting  the  former  inhabit- 
ants of  the  cavern  of  Miallet,  the  bones  attached  to  the  roof  prove  the 
agency  of  water,  and  sufficiently  explain  the  cause  by  which  the  re- 
mains of  bears  and  men  may  have  been  intermixed.  j 


388 


GLOSSARY, 


3ome  fossils  are  named  in  the  present  yolome  withont  any  explanation:  it  has, 
therefore,  been  thong^t  desirable,  for  the  benefit  of  the  geological  stodent,  to 
annex  a  glossary,  stating  the  division  or  class  of  animals  to  which  they  belong. 

The  letters  P.  O.  imply  that  there  is  a  description  in  the  Preliminaiy  Obseryt- 
tions;  M.  h,  and  Tp  L.  stand  for  Mountain  or  Transition  Limestone;  h.  Lias; 
Oo.  Oolite;  G.  s.  Green  sand;  Oh.  Chalk;  Tr,  Transition;  Sec.  Secondary; 
Ter.  Tertiary;  Rec.  Recent;  Fos.  Fossil. 


AlcyonUes,  fossil  alcyonia.  Zoophytes 
nearly  allied  to  syonges,  the  produc- 
tion or  habitation  of  polypi.  Btec.  and 
Fos. 

Ammonite,    See  P.  O.    Sec. 

AnancAytes,  a  helmet-shaped  echinus. 
Fos.  Ch. 

Anomiaj  abi\ralve  with  one  ralTe.per- 
fiorate<^ 

JBactUiU.    See  P.O.    Fos.. 

Belemnite,    See  P.  O.    Fos.  Sec. 

Bucciiwm.    See  P.  O.    Rec.  and  Fos. 

CarmophyUukf  a  branched  madrepore 
with  a  star  at  the  end  of  each  branch ; 
each  star  has  a  mouth  and  tentacula. 
M.  L.  Fos. 

CmMiuiii,  a  univalve  tunriculated  shell. 
Ter. 

Crinoidea,  lily-shaped  encrinites. 

Dudley fossU^Xnlohite.    Plate  5.    Tr. 

Echiniie  fossily  various  species.    Sec. 

Eckinits,  sea-urchin. 

fincrinUe.    See  P.  O.    Tr.  and  Sec. 

EnirochiU.    See  P.  O.    M.  L. 

EuomphaluSf  univalve  unchambered 
shell,  involute  and  compressed.  M.  L. 

FSuuSf  a  spindle-shaped  univalve. 

QrypKea  arcuata,  or  c^ryphite,  a  deeply 
curved  bivalve  shell  with  a  flat  lid.  L. 

p.  dUatataj  the  sides  more  expanded. 
Oo.  Some  species  of  Gryphea  are 
still  living. 

Hamite.    See  P.  O.    G.  s. 

ffeliXf  shells  of  the  snail  family,  terres- 
trial and  aquatic. 

Hippurite.    See  P.  O.    Ch. 

Xanlhina.    See  P.  O.    Rec. 

Inoceramus.  a  bivalve  with  ai\  oblique 
beak.    Co. 

Lily  encrinite.    See  p.  164. 

JL/ymnea^  a  fresh-water  univalve,  Rec. 
and  Fos. :  the  shells  sometimes  called 
l*yilinite8.    Ter. 


MadrevoreSj  stony  polypi,  with  coDcefr 
trie  lamellae,  resembling  stan.  In  a 
living  state,  the  stony  matter  is  cov- 
ered with  a  skin  of  living  gelatinoos 
matter,  fringed  with  little  bunches  of 
tentacula:  these  are  the  polypi:  the 
sidn  and  the  polypi  conuact  od  the 
slightest  touch. — Cuvier,  M8dr^ 
pores  are  sometimes  united  andso^l^ 
times  detached:  where  the  Isfflioa 
take  a  serpentine  direction,  they  an 
called 

Meandrinaj  or  brain  stone. 

Nautilus.    See  P-  O.    Rec.  and  Fos. 

Nummulite.    See  P.  O.    Fos.  Ter. 

OrthoceratiU.    See  P.  O. 

Paludinay  a  fresh- water  univalre,  Dear- 
ly resembling  the  shell  of  a  aul* 
^^e&lden 

Patella,  the  limpet  shell.  Rec.  and  Fos. 

PectunculuSf  an  orbicular  bivalre.  Sec 
and  Ter. 

PlanorbiSf  a  discoidal  uniTBlvc  fresh- 
water shell,  nearly  resembling  an  am- 
monite, but  without  chambers.  Ter. 

Productusj  a  nearly  semi-globular  hi^ 
valve,  the  lid  nearly  flat.    M.  L- 

Scaphite,    See  P.  O.    G.  s. 

Sepiaridj  stones  divided  into  cells  or  par- 
titions, common  in  argillaceous  strata; 
sometimes  the  cells  are  empty. 

SpalanguSj  a  species  of  fossil  echinos. 
Ch. 

Spirula..    See  P.  O.    ' 

Sponges,  living  and  fossil.  The  flints  in 
chalk  are  frequently  siiicified  remains 
of  sponges. 

Terebraiula,  a  bivalve  with  an  advanced 
and  curved  beak,  which  is  perforaied. 
Numerous  species.    Rec.  andpos. 

TWllobite,  a  crustaceous  fossil  animal. 
See  Plate  5.    T.  L. 

TurriliU.    See  P.  O.    G.  s. 

Vegetable  fosfiils.    See  Chap.  U. 
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SUPPLEMENT  BY  THE  EDITOR 


INTRODUCTORY   REMARKS. 

An  outline  of  the  annual  course  of  geological  lectures  in  Yale  Col- 
lege, was  annexed  to  the  former  American  edition  of  this  work,  pub- 
lished in  18S9,  and  was  designed,  primarily,  for  the  use  of  the  students. 
That  short  tract,  including  important  additions  to  facts  and  some  modi- 
fications of  opinion  in  regard  to  theory,  Would  have  been  revised  and 
annexed  to  the  present  edition,  had  not  the  principal  work  been  so 
much  augmented  by  the  author,  as  to  render  it  inexpedient  to  make  it 
materially  larger. 

An  elementary  treatise,  presenting  a  copious,  but  condensed,  gener- 
alization of  the  geology  of  this  continent,  and  sustained  by  numerous 
and  precise  facta,  is  a  desideratum. 

Mr.  Maclure,  many  years  ago,  led  the  way  by  a  masterly  sketch, 
covering  a  large  part  of  the  United  States,  and  of  some  of  the  adja- 
cent provinces  and  islands. ' 

Pro£pssor  Eaton  haB  given  us  many  valuable  facts,  relating,  princi- 
pally, to  the  state  of  New  York  and  to  New  England ;  and .  recently. 
Professor  Hitchcock,  with  the  advantage  of  all  the  lights  held  out  by 
his  predecessors,  has  ably,  detailed,  in  an  octavo  volume,  the  geokgy 
of  Massachusetts. 

We  have  many  good  memoirs  on  particular  districts ;  they  are  to 
be  found  in  scientific  journals,  in  books  of  travels,  especially  of  the 
scientific  expeditions  sent  out  by  the  American  government,  in  the 
transactions  of  learned  societies,  in  detached  publications,  and  some- 
times even  in  the  newspapers.  These  materials  are  of  great  valae ; 
but  much  more  must  be  done  before  they  will  be  sufficiently  copious 
to  .enable  some  master  spirit  to  reduce  the  .whole  subject  to  order,  and 
thus  to  give  a  full  and  digested  account  of  American  geology.-  Foreign 
geologists  will  do  us  the  justice  to  remember,  that  our  £eld  is  vast, 
while  our  laborers  are  comparatively  f(^w,  K^d  they  are,  generally,  men 
occupied  by  other  pursuits ;  this  country  is  rarely  explored  by  those 
whom  fortune  leaves  at  ease  to  follow  a  favorite  pursuit.  The^learn- 
€d  leisure  of  Europe,  and  especially  of  England,  is  here  almost  un- 
known, and  our  mbst  efficient  cultivators  of  science  are  also  laborers 
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in  other  fields.  Still,  when  we  remember  fliat  geology,  as  a  regnkr 
science,  is,  in  every, country  of  Europe,  of  recent  origin;  and  that, 
in  the  United  States,  most  of  its  early  cultivators  are  still  on  the 
stage,  we  have  great  reason  to  take  courage  and  work  on. 

On  the  present  occasion,  we  will  annex  some  remarks  on  the  natore 
of  geological  evidence,  and  its  consistency  with  sacred,  history,  making 
use  of  some  portions  of  the  "  Outline" 

Statement  of  the  subject 

By  some,  Hhis  discussion  may  perhaps  be  now  regarded  as  obto- 
lete.  In  the  minds  of  well  instructed  geologists,  this  is  probably,  to 
«  great  extent,  true.  Still,  the  Yindicis  Geological  and  the  Reliquic 
Diluvians  of  Professoi'  Buckland,  the  Preliminary  Discourse  to  MiD' 
ielPs  first  volume  on  the  Geology  of  Sussex,  that  of  Phillips  in  hii 
Geology  of  Yorkshire,  that  of  Conybeare  and  Phillips  in  their  Ootline 
of  the  Geology  of  England  and  Wales,  some  of  the  lectures  of  Cn- 
Vier,  and,  of  l|ite,  the  Geology  of  Dr.  Ure,  the  Mosaic  aud  Mineral 
Geology  of  Penn  and  of  Higgins,  besides  the  distinct  work  of  Cbao- 
bard,  ''Qfifrant  la  concordance  des  faits  historiques  avec  les  faits  geo- 
logiques,"  and  various  others  of  earlier  date,  sufficiently  prove,  that 
the  subject  is  not  quite  at  rest  in  Europe. 

In  this  country,  the  cultivation  of  scientifi,c  geology  is  of  so  recent 
a  date,  that  many  of  our  most  intelligent  and  well  educated  people 
are  strangers  even  to  its  elements;  are  unacquainted  with  its  amaang 
store  of  facts,  and  are  startled,  when  any  other  geological  epochs  are 
spoken  of  than  the  creation  and  the  deluge,  recorded  in  the  peala- 
teuch.  But,  it  is  beyond  a  doubt,  that  there  are  innumerable  and  de- 
Qsive  proofs  of  successive  revolutions,  and  of  a  gradual  progress  in 
the  course  of  geolo^cal  events,  imj)]ying,  on  the  whole,  a  regular 
order  in  the  formation  of  the  crust  of  the  planet,  interrupted  bj  oc- 
casional disorder  and  convulsion.  These  events  necessarily  implf 
much  time,  and  cannot  be  referred,  exclusively,  to  any  course  of  dilu- 
vial action.  It  is  impossible,  for  instance,  upon  any  sound  principles 
of  philosophical  reasoning,  to  refer  to  this  cause,  the  extensive,  vari- 
ous and  interesting  class  of  facts,  relating  chiefly  to  the  consolidated 
rocks  composed  of  water-worn  ruins  and  fragments,  and  to  those  con- 
taining organized  remains,  in  a  mineralized.state,  entombed  in  the  fixn 
strata  and  fountains.  This  is  a  vast. field  of  observation  and  instruc- 
tion, and  it  is  less  known,  even  to  the  greater  number  of  intellectual 
persons,  than  almost  any  department  of  knowledge.  None  bat  geo- 
logists study  it  with  diligence,  and  none  who  hare  not  made  themssl^^ 
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masters  of  tbe  facts,  are  qualified  to  judge  of  their  importance  and  of 
their  bearing.  The  subject  requires,  for  full  illustration,  the  study 
and  exhibition  of  a  great  mass  of  facts,  either  in  the  fields,  mines  md 
mountains,  or,  as  an  imperfect  substitute,  in  the  cabinet.  Persons 
who  are  entirely  ignorant  of  this  species  of  information,  are  destitute 
of  the  means  of  forming  a  correct  judgment  on  the  subject ;  they  can 
never  have  acquired  the  habit  of  comparing  one  fact  in  geology  with 
another,  and  of  thus  estimating  their  relation  to  each  other,  and  to  the 
entire  planet.  On  the  subject  of  geology,  it  is,  therefore,  very  diffi-* 
cult  to  find  access,  to  many  minds,  otherwise  enlightened,  and  habitu- 
ated to  receive  and  weigh  evidence,  with  candor  andt  intelligence. 
The  reason  obviously  is,  that  they  are  not  in  possession  of  the  first 
elementaiy  conceptions ;  and  when  the  facts  are  stated,  if  they  are 
not  denied,  they  are  neglected,  because  they  are  inconsistent  with 
previous  and  habitual  impressions ;  thus  they  fail  to  make  the  im- 
pression on  the  mind  which  they  inust  always  produce,  when  iblly 
understood  and  realized. 

In  a  cotntry  like  this,  where  the  moral  feeling  of  die  people  is 
identified  with  reverence  for  the  scriptures,  the  questions  are  often 
agitated : — ^Wben  did  the  great  series  of  geological  events  happen  T 
If  the  six  days  of  the  creation  were  insufficient  in  time,  and  the  events 
cannot  all  be  referred  to  a  deluge,  to  what  period  and  to  what  state 
of  things  shall  we  assign  them?  This  is  a  fair  topic  of  enquiry,  and 
demands  a  satisfactory  answer.  This  answer  is  given  by  the  whole 
series  of  geological  iacts,  and  the  question  will  never  remain  of  doubt- 
ful issue  in  the  mind  of  any  one  who  has  fully  studied  and  mastered 
them.  The  subject  of  geology  is.  possessed  of  such  high  interest,  that 
it  will  not  be  permitted  to  slumber ;  it  will  proceed  with  increasing 
energy  and  success ;  a  great  number  of  powerful  minds  and  immense 
research  are  now  employed  upon  it,  and  many  collateral  branches  of 
science  are  made  tributary  to  its  progress.  Its  Conclusions  have  been 
supposed  to  jar  with  the  scripture  history:  this  is  contemplated  with  ^ 
alarm  and  displeasure  by  some,  and  with  satisfaction  by  a  few ;  but  \ 
there  is  no  cause  for  either  state  of  feeling:  the  supposed  disagreement  \ 

B  j 

is  not  real ;  it  is  only  apparent.  It  is  founded  upon  the  popular  mis- 
take,  that,  excepting  the  action  of.a  deluge  and  of  ordinary  causes  still 
in  operation,  this  world  was  formed  as  we  now  see  it,*  and  that  all  its 
immense  and  various  deposits  were  made  in  a  very  short  period  of  time 
Both  these  are  fandamental  errors,  which  have  misled  both  the  leariied 
and  the  unlearned,  and  are  still  extensively  prevalei^t.  Although  the 
materials  were  created  by  almighty  power,  they  were  evidently  left 
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to  the  operation  of  physical  ]aw8,  which  laws  also  aflfetted,  more  or 
lessy  the  fate  of  the  yarious  races  of  plants  and  animals  that  were  mc* 
cessively  called  into  existence.  But»  there  is  no  reason  to  belie? e 
that  anj  part  of  the  cruM  of  the  earth,  reaching  even  to  a  iiilhom- 
less  depth,  is  now  in  the  condition  in  which  it  was  originally  made; 
every  portion  has  heen  worked  over  and  brbught  into  new  forms, 
and  these  changes  have  arisen  from  the  action  of  those  physical  laws 
which  the  Creator  established,  and  which  are  as  trnly  his  workf  as 
the  materials  upon  which  they  operate.  The  amount  of  time  is  the 
only  difficulty,  and  this  will  vanish  before  an  enlarged  and  reasonable 
view  of  the  whole  subject,  taken  both  in  its  geological  aid  historical 
bjeariogs* 

Nature  of  the  evidence. 

The  evidence  is  the  same  which  is  readily  admitted  as  satisfactory 
in  the  case  of  historical  anUquities. 

Roman  coins,  weapons,  personal  ornaments,  utensils,  baths,  roads, 
camps  and  military  walls,  and  defences  of  various  kinds,  hare  been 
frequently  discovered  in  Britain.  They  are  ascertained  to  be  Roman, 
by  their  resemblance  to,  or  identity  with,  the  licknowledged  prodlI^ 
tions  of  that  remarkable  people,  as  still  existing  in  Italy  and  tbe  ad- 
jacent countriesf  the  ancient  seat  of  their  dominion.  Had  Julias  Ce- 
sar and  the  other  Roman  historians  and  writers  been  silent  as  to  the 
Roman  invasion  of  Britain,  and  as  to  the  Roman  domloioo,  which, 
for  more  than  four  centuries,  existed  in  that  island ;  still,  coald  any 
one,  acquainted  With  the  facts,  hesitate  to  believe,  that  the  Romans l^&d 
not  only  visited  Britain,  hut  also  remained  there,  as  conquerors  and 
masters,  'for  a  great  length  of  time*  Had  all  historical  knowledge  of 
the  Romans  been  lost,  would  not  the  antiquary  who  examined  the 
relics  named  above,  and  who  also  extended  his  observations  to  dther 
countries  where  similar  things  were  found,  with  perhaps,  the  addition 
of  splendid  aqueducts,  and  temples,  and  amphitheatres,  all  eridentl]F 
originating  from'one  and  the  same  people,  would  he  not,  without  hesi- 
tation, pronounce  them  to  have  been  highly  civilized,  warlike  and 
powerful ;  and  would  he  hesitate  to  assign  to  them  a  considerablr 
high  antiquity. 

At  this  moment,  the  barrows  or  sepulchral  mounds,  some  of  then 
of  stupendous  size,  which  are  so  frequent  in  some  parts  of  England, 
and  in  various  parts  of  Europe  and  Asia,  besides  similar  structures  in 
North  America,  with  the  stupendous  forts,  which,  in  Ohio  and  Ken- 
tucky, and  other  western  states,  amaze  and  confound  the  obserrer; 
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these  things  enable  ns  to  realize  the  supposition  just  made  respecting 
the  Romans,  and  oblige  as  to  say,  that  aU  these  structures  were  the 
work  of  unknown  races  of  men,  on  whose  history  even  tradition 
sheds  not  a  ray  of  light 

It  is  easy  to  make  the  case  still  stronger.  When,  in  1738^  the 
workmen*  in  excavating  a  well,  struck  upon  the  theatre  of  Hereula- 
neum,  which  had  reposed,  for  seventeen  centuries,  beneath  the  lava 
of  Vesuvius;  when,  subsequently,  (1750,)  Pompeii  was  diseneum' 
bered  of  its  volcanic  airiies  and  cinders,  and  thus  two  cilties  irfre 
brought  to  light;  had  history  been  quite  silent  respecting  theit  ex« 
i^tence,  as  it  was  respecting  their  destruction  ;*  would  hot  all  obser- 
vers say,  and  have  not  all  actually  said, — ^here  are  the  works  of 
man,  his  temi^es,  his  forums,  his  amphitheatres,  his  tombs,  his  shops 
of  traffic  and  of  arts,  his  houses,  furniture,  pictures,  and  personal  or* 
naments,  his  streets,  with  their  pavements  and  wheel-marks,  worn  in 
the  solid  stone,  his  coins,  his  grinding  mills,  his  very*  wine  and  food, 
his  dungeons,  with  skeletons  of  the  prisoners. chained  in  their  awful 
solitudes,  and  here  and  there  a  victim,  who,  although  at  liberty,  wa» 
overtaken  by  the  fiery  storm. 

Because  the  soU  bad  formed,  and  grass  and  trees  had  grown,  and  soc" 
cessive  generations  of  men  had  unconsciously  walked,  toUed,  or  buOt 
their  houses,  over  the  entombed  cities ;  and  because  they  were  covers 
ed  by  lava  or  cinders,  does  any  one  hesitate  to  admit,  tl^at  they  were 
once  real  cities,  that  they  stood  upon  what  was  then  the  upper  sur- 
&ce,  that  their  streets  once  rang  with -the  noise  of  business^  and  their 
halls  and  theatres  with  the  voice  of  pleaspre;  and  that,  in  an  evil  hour« 
they  were  overwhelmed  by  the  eruptions  of  Vesuvius,  and  their  name 
and  place  blotted  out  from  the  earth  and  forgotten. 

All  this  is  legibly  read  by  every  observer,  and  all  agree  in  the  con- 
clusions, to  be  drawn.  When  moreover,  the  traveller  of  the  present 
day  sees  the  cracks  in  the  walls  of  the  houses  of  Poippeii,  and  ob- 
serves-that  some  of  them  have  been  thrown  out  6f  the  perpendicular 
and  have  been  pointed,  and  plastered,  and  shored  up  with  props,  be 
leamsy  that  the  fatal  convulsion  was  not  the  first,  and  that  the  doom- 
ed towns,  must  have  been  before  shaken  on  their  foundations,  by  the 
throes  of  the  laboring  earth. 

To  establish  all  this,  it  is  of  no  decisive  importance  that  scholars 
have  gleaned,'here  and  there,  a  fragment  from  ancient  Roman  classics. 


^  In  the  histories  of  those  times,  it  is  only  said,  in  general  terms,  that  cities  and 
Tillages  were  overwhelmed. 
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to  shew  that  such  dties  once  existed;  and  that  they  were  probably 
OTerthrown  by  the  eruption  of  the  year  79  of  the  Chnstian  en, 
which  grave  occasion  for  the  interesting;  letter  of  the  younger  Pfiny, 
describing  the  death  of  his  uncle,  while  observing  the  volcanic  storm 
which  proved  fatal  to  him.  In  such  eases,  the  coincidences  of  hu- 
torical  and  other  writings  and  the  gleanings  of  tradition  are  indeed 
valiftible  and  gratifying,  and  are  of  great  utility  in  fixing  not  ooly 
Ae  order,  but  the  time  of  the  events;  but,  the  nature  of  the  catas- 
trophe, which  buried  the  devoted  cities,  is  perfectly  intelligible  from 
the  iippearances  themselves',  and  needs  no  historical  confirmation. 
No  man  ever  imagined  that  Herculaneum  and  Pompeii,  were  created 
whet^  we  ifow  find  their  ruins ;  no  one  hazards  the  corijecture  that 
Aey  are  a  lusos  naturse,  but  all  unite  in  giving  an  explanation  conns- 
tent,  alike,  with  geology,  history  and  common  sense. 

Applicatipn  of  the  Evidence. 

In  the  same  manner  then,  we.  reason  respecting  the  physial  phe- 
nomena of  our  planet.  <  ^ 

It  is  full  of  crystals  and  crystallized  rocks ;  it  is  replete  with  the  en- 
tdinbed  remains  of  animals  and  vegetables,  from  entire  trees  .to  lichenB, 
fcei  and  ferns — from  coal  beds  to  mere  imptessiona  of  plants;  itis 
stored  with  animals  froih  the  minutest  shell  fish  to  gigantic  repdles ; 
it  is  chequered  with  fragments^  front  fine  sand  to  enormous  blocks  ai 
stone ;  it  exhibits  in  the  materials  of  its  solid  strata,  every  de^e  of 
attrition,  from  the  slightest  abrasion  of  a  sharp  edge  or  angle,' to-the 
perfect  rounding  which  produces  globes  and  spheroidal  forma  of  ex- 
quisite finish :  it  abounds  with  dislocations  and  fractures ;  vith  ia« 
jeetions  and  fillings  up  of  fissures  with  foreign  rocky  matter;  with 
elevation^  and  depressions  of  strata*  in  every^ position,  from  horizon- 
tal to  vertical ;  it  is  covered  with  the  wreck  and  ruins  of  its  apper 
surface ;  and  finally,  its  ancient  fires,  sometimes  for  variable  periods, 
dormant  and  relenting,  have  ne^^r  been  extinguished,  but  still  strag- 
gle for  an  exit,  through  its  two  hundred  volcanic  mouths.  The  prefr* 
ent  crust  is  only  the  result  of  the  conflicting  energies  of  physical  fo^ 
ees,  governed  by  fixed  laws ;  its  changes  began,  from  the  dawn  of  the 
creation,  and  they  will  not  cease  till  its  materials  and  its  physical  laws 
are  annihilated. 

Instances. 

They  are  innumerable,  and  are  every  where  at  hand ;  every  sys- 
tem of  geology  unfolds  them ;  our  author's  preceding  volume  is  rich  in 
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•Hch  facte  and  it  remains  only  to  illustrate .  oar  position  by  a  few  ex- 
amples, in  general,  not  novel,  but  duly  connected,  to  sustain  the 
argument. 

Fossil  Fish  of  Mount  Bolca. 

The  beautiful  fossil  fish*  more  ^an  100  species  of  which  are  found 
in  marly  limestone,  in  Mount  Bolca,  near  Verona  in  Italy,  inform  ns 
that  they  were  once  living  and  activesbeings ;  just  before  those  hills 
were  deposited,  and  when  the  waters  stood  over  the  place  where  th0 
fish  were  entombed,  in  the  bottom  of  the  sea,  the  rock  which  con- 
tains their  skeletons  was  formed  around  them,  doubtless  in  the  state 
of  a  calcareous  sediment ;  this  calcareous  stratum  was  then  orer- 
whelmed  by  a  submarine  eruption  of  molten  rock,  and  the  heat  was 
not  communicated  through  the  bad  conducting  substance  of  the  marl 
to  the  destruction  of  the  organic  forms ;  then  again,  and  slill  on'the 
bottom  of  the  sea,,  the  calcareous  tock  was  formed  .anew  wi|h  its 
enclosed  fish ;,  again  the  molten  rock  flowed  over  the.calcareons  marl 
and  so  on  in  several  successions.  But  this  is  not  all ;  this  remark* 
able  formation  b  now  several  mUes  from  the  Adriatic  the  nearest 
sea,  and  it  rises  1200  feet  above  it«  It  is  plain  then,  not  only  that  the 
whole  was  successively  formed  beneath  the  ocean,  but  that  the  hill, 
with  the  country  to  which  it  belongs,  was  raised  afterwards  by  sub- 
terranean power,  and  that  the  surrounding  waters  have  also  retired 
and  have,  ages  since,  left  only  dry  land. 

Organic  Remains  in  Early  Rocks. 

In  very  early,  and  often  deeply  seated  rocks,  coming  immediately 
after  the  primitlTe  and  usually  called  the  transition,  we  find  the  first 
traces  of  organized  beings ;  the  perfect  impresses  of  plante,  with  the 
earliest  coal,  and  both  the  impresses  and  the  entire  mineralized  bodies 
of  millions  of  animals ;  the  deposition  of  .these  rocks  was  therefore 
cotemporary  with-or  subsequent  to,  the  creation  and  propagation  of 
the  organized  beings  whose  impresses,  or  whose- forms  they  containt 
and  it  is  selfevident,  that  these  rocks  could  not  have  been  deposited 
prior  to  the  date  of  the  animals  and  vegetables  included  in  them. 

Both  the  plants  and  animals  lived  and  died  at  or  near  the  places 
where  they  are  found  entombed  in  the  rocks ;  for  in  most  instances, 
they  present  few  or  no  marks  of  violence,  or  of  accident ;  their  del- 


•  Of  which  there  are  splendid  specimens  in  the  cabinet  of  Yale  College. 
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icate  parts  are,  often,  perfectly  preserved ;  animals,  with  all  imf 
•rgana  entire,  and  plants  with  their  fibres  and  leaves  in  full  expansioii* 

Occasionally,  however,  we  find  one  stratum  with  its  inekded 
mineralized  organic  bodies  entire,  and  a  contiguous  one  having  them 
more  or  less  broken,  mutilated  and  dispersed. 

Both  the  plants  and  animals,  belong  generally  to  races  which  are 
no  longer  found  alive,  or  if  analogous  races  exist,  they  are  related 
to  the  ancient  ones,  rather  by  generic  than  by  specific  characters 
These  ancient  animals,  are  commonly  either  zoophytes  or,  shell  fish; 
always  having  a  simple  structure,  and  in  many  instances,  they  are 
destitute,  or  nearly  so,  of  the  power  of  locomotion  ;  sometimes,  how- 
ev^,  they  are  furnished  with  organs  for  that  purpose.  Madrepores 
and  encrinites,  could  move,  very  little ;  the  echinus,  found  abmidaDt- 
lyin  the  chalk,  a  very  recent  rock  of  the  secondary  class,  mored 
on  his  spine,  which  served  him  for  a  foot,  and  some  of  the  esrlj 
•hell  fish,  had  organs  to  enable  them  to  rise  and  fall  in  the  wa- 
ter. Sometimes,  rocks  rich  in  entombed  animals,  occupy  great  dis- 
tricts of  country.  In  the  transition  marble  for  instance,  animals  repo- 
mng  in  the  bowels  of  mountains,  miles  from  day  light,  often  form  al- 
most the  entire  mass,  and  they  are  so  firmly  united  to  the  rock,  as  to 
constitute  a  part  of  its  substance.  Many  of  the  architectural  marbles 
owe  much  of  their  beauty  to  imbedded  animals,  myriads  of  which  lie 
almost  in  absolute  contact ;  the  matter  of  the  rock  between  them,  only 
filling  up  the  void  occasioned  by  their  angular  and  confused  poritions. 

The  trilobite  is  pne  of  the  early  fossilized  and  imbedded  animals ; 
this  animal,  ^having  in  his  back,  a  jointed  articulation,  could  b^ad  his 
body  like  a  lobster,  and  we  find  him  sometimes  doubled,  and  some- 
limes  expanded,  as  he  lies  in  the  rocks.* 

Possible  Mode  of  Consolidation, 

There  is  little  difficulty  in  understandiirg  how  the  marine  animal^ 
for  example,  the  crinoidea  that  fill,  more  or  less,  the  transition  lime- 
«tone  of  the  Peak  of  Derbyshire,  came  to  be  thus  entombed.  We  cannot 


,  *  Grand  trilobites,  of  singular  size  and  perfection,  were  shoira  me  by  the  late 
Mr.  John  Sherman,  at  Trenton  Palls,  near  Utica,  (New  York,)  where  they  were 
obtained.  Dr.  Eights,  of  Albany,  in  a  voyage  to  New  South  Shetland,  foand  the 
trilobite,  still  a  living  animal.  Prof.  Green,  of  Philadelphia,  has  illustrated  this 
interesting  family  by  a  valuable  monograph  and  admirable  models,  moulded  aiul 
coJoredj  in  exact  fac  simile^  with  the  originals. 
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icmhi  that  tii«  ammab  received  their  ezistencet  and  lived  and  died 
in  the  ocean,  and  that,  at  least  at  the  time  of  their  death  it  was  full 
of  calcareous  carbonate  either  in  solution  or  in  mechanical  sus- 
pension,  or  both.*  When  they  died,  they  of  course  subsided  to  the 
bottom,  and  wefe  surrounded,  as  tl^y  lay,  by  the  concreting  calcare- 
ous matter.  Multitudes  of  them  were  present,  at  the  same  time  and 
place*  in  all  the  confusion  of  accidental  position,  and  therefore  were 
enveloped,  just  as  we  find  them,  in  every  imaginable  posture ;  the  in- 
terstices were  filled  by  the  calcareous  deposit,  and  this  being  more  or 
less  chemically  dissolved,  produced  a  firm  sub-crystidline  mass,  a  sec- 
tion of  which  shews  us  the  animals  sawn  through,  and  admitting  of  a 
polish,  like  the  rest  of  the  rock. 

if  we  could  suppose  that  our  conamon  clams  and  oysters,  that  He 
in  the  mud  of  our  harbors  and  inlets,  were  to  become  solidified  into 
one  mass,  along  with  tbe'matter  which  envelopes  them',  the  case>wou)d 
not  be  dissimilar ;  only  they  would  be  enveloped  in  earthy,  instead  of 
crystalline  matter,  and  the  rock  formed  from  it  would  be  referred  to 
the  most  recent  secondary,  or  to  the  tertiary,  unless  its  texture  were 
afterwards  altered  by  igneous  or  other  agencies. 

It  is  easily  understood,  a)so^  how  a  new  stratum,  either  of  the  kame 
or  of  dififerent  constitution,  may  be  deposited  upon  a  previous  one ; 
and  with  it,  the  bodies  of  the  animals  that  lived  and  died  in  the  fluid ; 
and  these  might  be  the  same  animals  with  those  of  a  previous  stratum, 
or  of  a  different  species  or  genus,' it  being  understood  that,  In  the  case 
of  marine  animals,  each  successive  stratum  was,  in  its  turn,  the  bot- 
tom of  the  then  ocean,  and  also  the  upper  or  last  consolidated  layer 
of  the  crust  of  the  earth,  as  it  then  was  at  that  placelf 

A^  we  have  no  direct  historical  evidence  to  the  fisicts,  it  is  impossi- 
ble to  say,  precisely,  what  circuipstances  would  determine  the  waters 
to  deposit,  different  things  at  di^rent  times,'  for  instance  at  one  peri- 
od, a  stratum  of  limestone,  with  madrepores  and  encrinites,  and  at 
another,  one  of  breccia  or  sandstone,  with  bivalve  or  univalve  sheUs. 

With  respect  to  marine  and  aquatic  animals,  the  waters  appear  to 
have  been*  at  different  periods,  adapted  to  the  support  of  different  ra- 
ces, and  thus  their  remains  became  successively  isolidified ;'  not  imply'- 


•  The  eruption  of  a  vast  calcareous  sediment,  by  submarine  igneous  agency, 
which  some  have  supposed  in  the  case  of  chalk,  is  hardly  admissible  here,  as  the 
transition  limestones  does  not  corresponds  with  the  usual  appearance  of  mechan- 
ical deposits.  I 

t  A  similar  course  of  reasoning,  will  apply  to  fresh  water  deposits. 
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ing,  however,  the  entire  extinction  of  all  the  animals  of  a 
race ;  a  multitude  were  entombed,  as.  is  proTed  by  their  remains,  bnt 
the  species  often  survived ;  in  the  mean  time,  new  races  were  created 
and  petrified  in  the  forming. rocks:  again  perhaps,  the  dimimshed 
race  peofded  the  waters  anew,  and  their  relics  were  solidified  in  a  new 
deposition,  and  so  on  in  succession. 

Whether  animals  and  vegetables  were  deposited  in  the  ocean,  or  in 
ifeas,  in  lakes,  rivers  or  estuaries,  it  is  easy  to  imagine,  that  if  all  the 
causes  necessary  to  produce  the  events,  were  in  successive  operatioB, 
diey  might  follow-  each  other  in  the  prder  supposed ;  and  that  tkii 
was  the  fkct,  cannot  be  reasonably  doubted,  any  more  than  iliat  an 
edifice,  having  granite  for  its  foundation,  and  sandstone  for  its.base- 
meiit,  and  marble  for  its  superstructure,  and  wood  for  its' rooi^  and 
le^d,  sine  or  iron  for  its  covering  was  actually  constructed  of  thw 
materials,  by  the  architect  and  connected  in  that  order  by  hisinteUi- 
gent  design. 

The  great  truths  of  geology  are  few,  simple  and  intelligible ;  need* 
ing  no.thing.but  the  application  of  a  sound  judgment,  enlight^ied  If 
science,  to  the  accurate  observation  of  iacts,  which  can  often  be  dis- 
tlactly  observed,  and  the  order  of  their  succession  ascertained,  wheth- 
er the  proximate  causes  and  the  immediate  circumstances  can  be  dis- 
covered Of  not 

It.is  a  supposition,  altogether  inadmissible,  .and  unworthy  of  a  se- 
rious answer,  tl^at  the  atiimal  and  vegetable  races,  entombed  in  soch 
prqfui^on,  and  buried  often  under  entire  mountain  ranges,  or  finnly 
cemented  into  their  very  bosom,  were  created  as  we  find  them.  On 
the  contrary,  there  can  be  no  doubt  whatever,^  that  they  were  once 
living  lieings,  .performing  the  jlart  belonging  to  their  respective  laces, 
and  that  at  their  death,  or  soon  after,  they  we;re  consolidated,  in  the 
dien  concreting  and  fonfiing  rocky  strata,  or  that  they  were,  in  vari- 
ous instances,  overwhelmed  by  igneous  or  diluvial  eatastropb 


•  1 

Animai  Remains  in  Secondary  and  other  Rocks. 

The  older  s^ondary  rocks  often  abound  in  shells  of  mollnscooi 
aninials,  principally  of  extinct  genera,  and  there  is  a  progressios 
through  the  more  recent  strata,  exhibiting  a  greater  and  greater  ap- 
proximation towards  the  more  complicated  structure  of  the  most  per- 
fect animals ;  while  the  newer  rocks  of  this  class,  and  of  the  strata 
that  lie  upon  them,  including  the  tertiary,  contain  reptiles,  fish,  and 
even  birds,  and  terrestrial  quadrupeds. 


covnmrmcT  or  osolooy  with  sacrsp  kistou,  .  ^^-.  . . 

^^^.? JO'/ ; ; 

SanHan9  or  Lizards.  i^.  '  .    ^^   *^''       ''*    ^. 

Within  a  few  je^rs,  the  skeletons  or  disjointed  bonAof^me  ▼gtT*'      *  "^^  "    .' 
large  oviparous  animals  of  the  Saurian  family,  namely,  tn^m^timmT^^^^*,^ 
diles,  the  ichthyosaurus  or  fish  lizard,  the  megalosaurus  or^j^  liz- 
ard, and  the  plesiosaurus,  have  been  found  in  the  recent  secondary 
rocks,  especially  of  England  and  France,  and  some  of  them  in  the 
tertiary. 

The  Megalosaurus  is  found  in  limestones  and  sandstones  lying 
higher  than  the  lias,  and  the  ichthyosaurus  and  plesiosaurus  are  found 
also  in  many  of  the  strata  abore,  and  in  some  of  those  below  that  rc><;k. 

The  fossil  crocodile  appears  to  have  been,  anciently,  an  inhabitant 
of  fresh  water,  and  of  rivers,  as  at  present.  In  the  West  Indies,  ac« 
cording  to  De  La  Beche,  the  crocodiles  frequent  muddy,  and  sometimes 
brackish  ponds ;  and  in  shallows,  they  often  remain  for  hours,  with 
the  lips  of  their  noses  out  of  water.  The  organization  and  habits  of 
crocodiles,  do  not  enable  them  to  contend  with  the  agitations  of  the 
sea,  which  they  shun.  It  would  seem,  however,  that  the  pr^niza- 
tion  of  the  ichthyosaurus  would  enable  him  to  swim  in'  the  waves. 

The  crocodile  has  beein  continued,  perhaps,  from  the  new  red  sand* 
stone— certainly  from  the  lias,  to  the  present  time— ^nd,  as  its  remains 
often  occur  in  the  interval,  it  appears  to  have  been  a  tolerably  constant 
inhabitant  of  our  globe. 

With  one  exception,  that  of  the  opossum,  found  in  the  Stonesfield 
slate,  near  Oxford,  (Eng.)  no  viviparDUs  vertebrated  animal  has  been 
found  below  the  chalk.*  The  Stonesfield  slate  belongs  to  the  OoHtic 
series,  ai^d  lies  below  the  chalk. 

The  remains  of  the  Saurians,  found,  within  a  few  years,  in  England 
France,  and  other  countries,  indicate  animals  of  twenty,  forty,  fifty, 
and  seventy  feet  or  more  in  length.  They  were  generally  aniphibi- 
ous,  and  there  is  every  reason  to  believe,  that  when  only  portions  of 
England  stood  out,  as  islands,  above  the  water,  these  enormous  ani- 
mals swam  and  sported  about,  in  the  inter-insular  waters  of  primitive 
Britain,  or  basked  upon  the  shores  of  its  seas  and  estuaries, 

Mr.  Mantel],  of  Lewes,  in  Sussex,  England,  has  described  anpther 
enormous  Saurian  animal,  the  Iguanodon,  (so  called  from  his  resem- 
blance to  the  Iguana  of  the  West  Indies ;)  it  was  an  herbivorous  rep- 
tile, and  appears  to  have  attained  the  length  of  seventy  feet  or  more 
with  a  height  of  nine  or  ten  feet.    Still,  his  remains  are  interred  lA 


*  UnksB  it  be  the  Bast  Windsor  animak— Vide  Am.  Jour.  Vol.  II. 
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solid  ferruginous  sandstone,  far  below  the  clialk,  and  probably  more 
than  one  thousand  feet  beneath  the  upper  strata,  that  were  subse- 
quently formed  over  him,  many  of  which  h^ve  been  swept  away  by 
diluvial  action,  or  by  other  catastrophes. 

In  July,  1832,  another  Saurian  was  discovered  in  the  sandstone  of 
Tilgate  Forest  It  is  described  by  Mr.  Mantell,  in  his  late  work  on 
the  Geology  of  the  South  East  of  England,  and  a  plate  of  its  bones 
is  Bxmexed.  The  reptile  is  named,  by  Mr.  Mantel],  the  HyhBOsaunUj 
or  Wealden  Lizard.  Vertebrae,  ribs,  coracoids,  and  other  bones,  were 
found,^  either  in  connexion  or  in  juxta-position,  making  an  imposing 
miss,  and  very  firmly  cemented  into  the  sandstone.  The  animal  was 
gigantic,  but  its  exact  dimensions  are  not  given ;  its  tail  is  supposed 
to  have  been  twenty  five  feet  long. 

The  vegetable  remains,  as  well  as  the  fishes  and  shells,  and  rolled 
stones,  that  are  found  entombed  in  the  same  strata,  show  that  they 
were  once  the  upper  surface  and  formed  part  of  a  vast  estuary,  which 
was  subsequently  buried  by  the  marine  formation  of  the  chalk  and  its 
attendant  strata.  • 

,         Organized  Remains  in  very  recent  rocks. 

It  is  Easily  understood,  why  no  land  quadrupeds  are  found  in  form- 
ations, earlier  than  the  tertiary.  Until  this  period,  there  was  not  diy 
land  enough  for  terrestrial  quadilipeds.  When  th^y  were  created,  it 
was  evidently  a  period  more  advanced,  than  that  which  produced  the 
ancient  crocodiles;  more  land  was  uncovered,  but  a  multitude  of  natu- 
lal  basins,  forming  lakes,  were  still  full  of  water,  and  as  the  strata 
which  they  now  present,  were  in  the  course  of  being  deposited,  van* 
o'us  quadrupeds,  fortuitously  conveyed  into  the  water,  or  perhaps 
drowned  by  accident  of  by  partial  inundations,  became  bnried  and 
solidified,  and  their  remains  are  now  found  in  the  basins  of  Paris  and 
London,  aAd  of  the  Isle  of  Wight.  They  are  much  less  frequent, 
than  the  marine  animal  reibains  of  the  earlier  strata,  probably,  both 
because  the  animals  were  much  less  numerous,  and  because  the  cir- 
cumstances attending  their  existence  and  death,  were  far  less  favora- 
ble  to  their  Inhqmation  and  preservation. 

It  is  worthy  of  remark,  also,  that  in  the  very  strata  in  which  they 
are  contained^  the  relics  of  water-born  animals  are  Very  numerous. 
It  is  believed,  by  Cuvier  and  Brongniart,  whose  elaborate  investiga- 
tion of  the  Paris  strata,  has  been  several  years  before  the  world,  that 
there  were  successive  periods,  in  which  marine  and  fresh-water  shells 

4 

were,  alternately  and  successively,  produced  in  the  waters. 
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Trees  and  their  members^  and  even  entire  forests  are  found  in  simi- 
lar sttuations. 

In  general,  the  bones  and  trees  are  not  mlneralizedy  but  are  ratheff 
for  the  most  part,  in  the  condition  of  grave  bones  or  ancient  wood* 

The  boneft  could  not  be  found  in  the  older  strata,  as  the  animals 
were  evidently  not  in  existence  when  those  strata  Were  deposited. 
Much  less  could  we  expect  to  find  human  bones  in  them,  for  man 
was  not  created  tiU  the  earth  was  reduced  to  order,  and  many  geneis- 
tioits  of  animals  and  plants,  had  lived  and  died ;  depositing  their  re- 
mains in  the  rocks,  whose  formation  was  contemporaneous  or  immedi- 
ately subsequent,  or  whose  materials  wers  accumulated,  by.  catastro- 
phes that  also  overwhelmed  the  organized  beings* 

The  relics  of  plants,  (the  coal  formations  excepted,)  are  fiir  lesb 
numerous  than  those  of  animals.  It  is  in  no  wa^  surprising  Uiat  their 
creation  should  have  been  successive,  and  associated  with  diiierent 
rock  formations,  and  when  the  same  plants  occur  in  repetitions  of  the 
same  or  of  different  fonnations,  their  seeds  or  roots  mig^t  have  been 
preserved,  and  transported  firom  other  places,  by  the  waters  or  other 
causes. 

That  state  of  things  which  attended  a  pavticular  rocky  deposition, 
may  have  been  such,  when  the  same  kind  of  rock  came  to  be  depos* 
ited  again,  «s  to  favor  the  production  of  the  same  animal  or  vegetable 
races  from  the  germs,  seeds,  roots  or  individuals  that  had  been  pre- 
served. 

In  the  same  latitudes,  there  is  now,  on  the  earth,  a  great  regularity 
in  the  vegetable  species,  and  in  a  less  rigorous  degree,  in  the  animal 
races. 

There  is  every  reason  to  believe,  'that  the  creation  'of  animals  and 
plants  was  successive ;  not  by  equivocal  generatienr-ndi  by  atomic 
action,  but  by  the  fiat  of  the  Almighty. 

Early  animals^'-wood — tree^ — eoai* 

Among  the  primitive  rocks  there  are  no  traces  of  vegetation,  any 
more  than  of  animal  life.  But  we  repeat  in  this  connexion,  that  we 
no  sooner  reach  the  transition  rocks,  ^han  both  animals  and  plants 
begin  to  appear ;  the  animals^  however,'  are  marine,  and'  are  vastly 
more  numerous  than  the  plants.  There  is  no  reason  to  believe  that 
plants  appeared  until  there  were  shores,  and  even  marine  plants  must 
have,  in  general,  points  of  attachment  in  shallow  waters. 
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According  to  Mr.  De  La  Beche,  wood  ^nd  terrefitriftl  pknto  iie 
found  in  moat  rocks,  from  the  old  red  sandstone  upwards,  and,  in  fad, 
in  the  order  of  rocks  immediately  heneath,  i.  e.  the  transition ;  prov- 
ing that  dry  land  must  hav^  existed,  more  or  less,  previous  to,  or  at 
the  time  of  the  formation  of  most  of  these  rocks.  We  iavy  suppose, 
therefore,  that  ponds,  lakes  andi  rivers,  existed  also. 

Arborescent  plants,  and  their  branches  and  roots,  are  often  fonod 

» 

in  the  coal  formations,  and  in  their  sandstones,  &.C.  which  pioves  that 
the  gigantic  vegetables  ^ere  sometimes  embraced  in  those  depoaitioos. 

It  would  appear,  •  from  the  relics  of  the  periods  immediately  soe- 
eeeding  the  transition  rocks,  that  veg^tatTon  had  increased  prodigiona- 
ly  upon  the  earth,  and  that  there  were  even  trees  and  forests  upo^ 
'those  parts  of  the  surface  that  had  become  sufficiently  dry. 

•Qituminous '  coal,  bejonging  .to  the  era  of  the  earlier  secondapjE, 
off  as  now  agreed-,  to  the  transition,  seems  to  have  been  formed^'  m 
thete  is  great  reason  to  believe,  from  submerge^  and  inhumed  vege- 
tables, chiefly  of  cryptogamous  planto,  whose  vestiges  are  so  nume^ 
ouB  in  the  coal  mines. 

Coal,  being  peculiarly  limited  in  its.  relations,  and  often  contained 
in.ba8ins,  it'seems  probable,  that  it  generally  arose  from  local  qircum- 
atances,  with-  all  its  alternating  and  attendant  strata  of  shales,  sand- 
stones, limestones,'  clays,  iron  ored,  pudding-stones,  &c. ;  and,  as  theae 
depositions  are  often  repeated  several  times,  in  the  same  coal  basin, 
and  the  mines  are  occasionally  worked  'to  a  great  depth,  (even  to 
tvtreWe  liundfed  feet,  in  some  places  in  England,)  it  is  plain  that  no 
sudden  and  transient  event,  like  a  deluge,  could  have  produced  such 
deposits,  although  it  might  bury  wood  and  trees^  which,  in  the  course 
of  time,  might  approximafe  to  the  condition  of  lignite  or  bitominized, 
or  partially  mineralized  wood,  which  is  often  found  under  circumstan- 
ces indicating  a  diluvial  origin.* 

Early  existence  of  trees, 

*It  has  been  supposed,  that  the  plants  which  have  contributed  to  the 
formation  of  coal  were  generally  succulent,  with  little  or  no  firm  woody 
fibre.  It  appears,  however,  from  two  memoirs  by  H.  Witham,  Esq. 
of  Edinburgh,  that  large  trees,  strongly  resembling  the  Norway  fir 
and  ihe  yew  tree,  existed,  even  anterior  to  the  deposition  of  the  great 
bituminous  coal^eld  of  the  Lothians,  around  Edinburgh.  Near  that 
city,  in  1826,  a  fossil  tree  was  discovered,  three  feet  in  diameter  at  its 


•  See  Am.  Jour^  Vol.  XXV,  p.  i(M. 
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Imbo  and  thirty  six  feet  long,  lying  nearly  horizontally  between  the 
strata  of  sandstone.  Its  composition  was  carbonate  of  lime  60,  oxide 
of  iron  18,  carbon  9,  alumine  10. 

Another  fossil  tree  has  been  recently  discovered  in  the  quarry  of 
Craigleith,  near  Edinburgh,  whose  geological  position  is  in  the  moun- 
tain limestone,  and  considerably  below  the  great  coal  basin  of  the  Lo- 
thians.  Its  elevation  is  seventy  five  feet  above  the  level  of  the  sea, 
and  its  roots  were  in  the  bottom  of  the  quarry.  The  length  of  the 
stem  was  forty  seven  feet — a  large  branchless  trunk — ^in  soipe  parts 
much  flattened,  so  aB  to  afford  an  elliptical  section.  At  the  largest 
place,  its  diameter  was  five  feet  by  two,  and  at  the  smallest,  nineteen 
inches,  by  sixteen.  Its  branches,  and  many  feet  of  its  top,  are  gone ; 
it  was  probably  sixty  feet  long,  and  the  incumbent  mass  of  sandstone 
appiears  to  have  been  one  hundred  feet  thick ;  the  bark  is  converted 
into  coal.  The  composition  of  this  tree  is,  carbonate  of  lime  6% 
carbonate  of  iron  33,  carbon  5,  with  the  sp.  gr.  2.87.    It  woa  a  conifera. 

In  the  great  coal-field  of  the  North,  in  Britain,  fossil  plants  are  usu- 
ally found 'Ipng  par&llel  to  the  strata,  but  much  broken  and  compress- 
ed, and  their  parts  scattered ;  but  some  vigorous  plants,  generally  Si- 
giUariae,  appear  to  have  been  so  strong  as  to  resist  the  torrents  and 
to  remain  in  their  natural  position. 

It  results  from  Mr.  Witham's  discoveries,  that 'plants  with  their  or- 
gans of  fructification  apparent,  (gymnospermous  phanerogamic,)  are 
much  more  frequent  in  the  coal  formations  thaii  has  been  imagined, 
and  that  proper  trees,  of  true  ligneous  fibre  and  of  great  size,  existed 
even  earlier  than  the  bituminous  coal.*      r 

More  rtcent  fossil  trees  and  plants. 

Among  the  more  recent  secondary  rocks»  vegetables  increase  in 
quantity  and  variety,  as  we  approach  the  tertiary,  in  which  we  fipd  in- 
humed wood'in  the  form  of  lignite,  or  bituminized  wood,  or  wood 
slightly  mineralized ;  eventually  we  fitid  wood  unchanged ;  and  thus 
we  trace  the  vegetable  families,  from  their  commencemei^t  on  the 
borders  of  the  primitive^  quite  down  to  our  own  times.'  In  the  loose 
sand,  gravel,  and  detritus,  we  often  find  trees,  at  •  every  depth,  be- 
tween the  surface  of  the  ground  and  the  fixed  rocks  below ;  the  sur- 

i 

face  is  often  covered  by  bowlders  of  travelled. stones,  and  the  deposi- 
tion is  evidently  diluvial. 


•  Am.  Jour.  Vo4.  XXV,  p.  109. 
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Organized  Remains  deposited  from  Water^  biU  not  from  a  TVas- 

sient  Deluge* 

It  is  scarcely  possibleT  to  doubt,  that  the  process  of  animal  and  Teg- 
etable  deposition  in  a  mineralized  state  described  above,  was  that 
which  really  happened.  Whatever  may  have  been  the  operations  of 
fire,  at  preceding  or  subsequent  periods,  it  is  impossible  that  it  should 
have  been  concerned  in  the  first  formation  of  the  mineral  strata, 
which  contain  numerous  organized  remains.  Animal  or  vegetable 
life  could  never  be  prodnced  or  sustained  in  the  midst  of  fire ;  and  in- 
deed, it  is  quite  incredible,  that  strata,  containing  distinct  organized 
remains,  were  ever  melted ;  nor  is  it  easy  to  imagine,  that  they  could 
be  even  softened,  in  any  great  degree,  without  destroying  or  material- 
ly deranging  the  organized  structure.* 

It  appears  evident  also  that  the  mineralized  plants  and  animals 
of  the  solid  strata,  'have  liot  been  collected  in  these  situations,  by  anj 
sudden  and  local,  or  even  general  catastrophe,  for  as  an  author  re- 
marks, **  among  the  immense  number  of  fossil  shells,  many  .are  re- 
markable for  their  extreme  thinness,  delicacy  and  minuteness,  of  parts, 
none  of  which  have  been  injured,  but  on  the  contrary  are  mpst  perfectly 
preserved."  ,  Among  the  plants  of  the  coal  formation  situated  some- 
times hundreds  and  thousands  of  feet  below  the  surface,  and  covered  by 
many  beds  of  solid  rocks,  their  leaves,  many  of  wh\ch'are  of  the  moat 
tender  and  delicate  structure*  are  often  found  fully  expanded,  in 
their  natural  position,  in  regard  to  the  rest  of  the  plant,  and  laid  out, 
with  as  much  precision  as  in  the  hortus  siccus  of  a  botanbt.  It  ia 
often  true  that  the  minutest  parts  do  not  appear  ,to  have  suffered  attri- 
tion or  injury  of  any  kind. 

Fragmentary  Rocks, 

m  I 

The  rpcks  compoeed  of  fragments  and  rounded  water  wore  ^d)bles 
afford  us  the  strongest  evidence  of  progressive  destruciioii,  depoa- 
tioB  ajid  consolidation. 

Among  the  transition  rocks,  we  find  (in  general)  for  the  first  time, 
fragments  both  rounded  and  angular  of  all  the  previous  rocks ;  some* 


•  October  21, 1833. — A  day  or  two  since,  I  observed  a  'common  bard  baked 
brick,  lying  in  the  pavement  of  a  street  in  this  town,  (New  Haven,  Conn.)  bear-, 
ing  a  distinct  and  beautiful  impression  of  a  scallop  shell  (pecten);  the  shell  was 
gone,  being  doubtless  destroyed  by  the  fire,  while  its  impress  remained.  Strata 
that  have  been  ignited  may  therefore  retain  the  forms  of  organic  bodies  which 
would  of  course  be  destroyed  by  the  heat. ' 
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timest  these  fragments  are  united  bj  eryttalline  matter  of  a  dtflerenf 
natore,  forming  the  paste  or  cement,  which  holds  them  together ;  at 
other  timecr,  the  paste  is  composed  of  nearly  or  quite  the  same  mate- 
rials with  the  fragments,  but  in  a  state  of  much  finer  division,  and  at 
other  tiroes  there  is  Kttle  interposed  cement 

But  many  of  the  rocks  of  this  class  are  most  palpably  fragmeirtary, 
and  the  fragments  are  of  all  sizes,  from  tho^e  that  are  scarcely  yisiUe 
to  the  naked  eye,  to  those  whose  dimensions  are  measured  by  in- 
ches and  eyen  by  feet.  '         ' 

Instances. 

The  brecciated  marble  of  the  Potomac,  employed  in  the  public  buil- 
dings at  Washington,  is  a  remarkably  firm  rock,  composed  of  angu- 
lar and  OToida)  pebbles,  the  latter  of  which  hare  evidently,  received 
their  shape  from  friction  in  water.  The  dement  is  a  more  minnteT/. 
divided  substance  of  the  same  kind,  but  calcareous  matter  is  not  ex- 
clusively the  material  either  of  the  pebbles  or  of  the  cttaent 

The  fragmentary  rocks  of  Rhode  Island,  extending  by  Providence 
to  Boston,  and  which  are  very  conspicuous  in  Dorchester,  Roxbury, 
Brooklyn,  and  other  neighboring  towns,  are  fine  examples  of  early 
formations  of  this  kind.  They  are  very  interesting  five-  miles  east  qT 
Newport,  at  h  place  called  Pnrgatorjr,.  where  a  large  mass  of  the  rock 
separated  by  the  natural  seams  which  are  found  in  it,  running  paraHel' 
ibr  a  great  distance;  and  cutting  the  pebbles  in  two,  has  fallen  out, 
having  been  underndned  by  the  sea,  whose  waves,  when  impelled  by 
storms,  break  and  roaf  frightifully  in  this  deep  chasm. 

Hke  pebbles  are  heft  chiefly  quartz — they  are  ovoidal  in  form  and 
of  every  soe  from  that  of  a  birds  egg  to  that  of  a  common  keg,  and' 
they  lie  generally'  n^th'  their  transverse  diameters  parallel. 

Tlie  pebbles  of  the  fragmentary  rocks  about  Boston  are  very  va- 
rious in  their  composition,  obviously' however  the  ruins  chiefly  of 
primitive  rocks.  The  pebbles,  which  there  lie  in  the  roads  and  fields 
have  proceeded  from  the  disintegration  of  this  pudding  stpne. 

The  great  sandstonis  deposit  of  the  valley  of  the  Connecticut  pre- 
sents every  variety  in  the  size  and  form  of  the  parts  that  have  T)een 
broken  up  from  previous  rocks, — transported — more  or  less  rolled, 
and  cemented  into  rock  again. 

In  East  Haven,  n^r  New  Haven,  the  rocks  often  contain  massy 
|>ebb1es  of  granite,  gneiss — mica  slate  and  clay  slate,  and  of  the  indi- 
vidual minerals  of  which  they  are  composed.  Water  worn-pebbles 
are  in  some  phu;es  as  common  in  these  rocks  as  on  the  sea  shore : 
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Hiej  form  mighty  strata,  which  hare  been  tilted  out  of  the  horizoiitd 
position,  into  an  inclination  of  16  or  20  degrees  from  the  horizon. 

The  Cattskills,  are  conspicuous  monuments  of  geological  revolu- 
tions.  Not  only  at  'the  base,  but  at  the  summit,  from  two  to  four 
thousand  feet  aboye  thq  level  of  the  Hudson  river,  we  find  these 
mountains  composed  extensively  of  fragmentary  rocks,  rounded  and 
angular,  .and  their  rude  piles  inform  us,  that  the  materials  of  which 
they  are  built  were  once  loose  and  rolling  about,  in  the  waves  of  aa 
•early  ocean,  encountering  friction  and  violence  in  their  various  modes 
of  action,  and  we  see  not  how  to  avoid  the  conclusion  that  these  moun- 
tains, after  consolidation,  have  been  raised  from  the  depths  of  the 


Origin) 

If  vfe  enquire  whence  arose  the  mighty  masses  of  ruins  of  every 
shape  and  variety,  composing  not  merely  accidental  fragments,  or 
here  or  there  a  stratum  or  a,  hill,  but  covering  myriads  of  square 
miles,  which  are  sometimes  the  basis  of  countries,  and  rise  oceasioii- 
ally  even  into  high  mountains,  we  must  look  for  an  adequate  c^oae. 

Such  are  the  effects  and  proofs  of  crystallization,  as  exhibited  in 
the  early  primitive  rocks,  that  the  contrast  afforded  by  the  fragmentarf 
rock^,  must  appear  very  striking ;  and  connected  with  their  rdative 
position,  can  leave  no  doubt  on  the  mind,  that  they  arose  from  a  sab- 
sequent  and  totally  different  state  of  things.  . 

What  were  the  causes  that  broke  up* portions  of  the  primitive  rdcks 
and  left  their  ruins  the  sport  of  the  waVes,  destined  in  the  progress  of 
tiine,  to  be  cemented  again  into  firm  masses  f . 

Besides  the  wearing  effects  of  th^  weather  and  the  seasons,  powers 
still  constantly.in  action,  and  of  the  vicissitudes  of  temperature,  we 
can  add  the  convulsions  of  earthquake,  tempest,  flood,  and  fire,  by 
which  our  plai\et  is  still  occasionally  agitated.  Beyond  these,  fads  do 
not  enable  us  to  go,  but  ^e  causes  that  have  been  named  would  in  the 
course  of  ages,  perform  the  work,  great  as  the  results  may  now  ap- 
pear. 

The  breaking  up; of  primitive  and  other  rocks  by  violent  connl- 
sionsylind  the  transportation  of  their  ruins,  often  to  distant  places: 
the  frequently  rounded  form  of  the  fragments,  presenting  pebbles  of 
every  size,  from  that  of  a  pea,  to  that  of  a  hen's  egg, — a  human  head, 
or  a  barrel, — quartz  being  not  unfrequently  the  material ;  the  recon- 
solidation  of  these  masses  into  firm  rocks, — their  stratification  at  first 
horizontal  and  then  rising,  at  vsrious  angles  of  inclination ;  the  altei^ 
nation  of  such  strata  with  slate  and  coal  and  other  deposits,  their  ex- 
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traneons  contents  of  innumerable  organized  beings,  and  the  elevation 
of  the  whole,  sometimes  hundreds  or  thousands  of  feet  above  the 
ocean  level ;  all  these  facts  leave  not  a  doubt  that  the  fragmentary 
rocks,  required.much  time  for  their  formation,  consoUdation  and  ele- 
vation, and  could  never  have  been  the  work  -of  a  short  period,  or  of 
a  transient  deluge. 

ft 

Diluvial  Deposits, 

Am  regards  the  wreck  and  ruin,  with  which  the  surface  of  our  placet 
is  «very'  where  covered ;  their  extraordinary  position,  and,,  to  some 
extent,  their  production,  are  justly  and  generally  attributed  to  diluvial 
agency ;  to  mighty  floods  and  rushing  torrents  of  water. 

The  efiects  of  a  deluge  are  not  forming,  but  destroying ;  they  are 
chiefly  mechanical,  and  very  little  if  at  all  chemical)  There  is  not  the 
least  reason  to  believci  that  any  solid  rock  was  produced  by  the  gene- 
ral deluge,  nor  that  any  'firmly  imbedded  and  petrified  organized  r^« 
mains  belong  to  such  a  catastrophe ;  to  the  action  of  waters,  agitated 
by  a  mighty  moving  force ;  turbid  in  the  extreme,  and  filled  with  mo* 
ving  rocks,  stones,  gravel,  and-coarse  and  fine  sediment — and  with 
extirpated  and  floating  vegetables,  and  drowned  anitnals. 

Diluvium  is  found  every  where.  The  almost  universal  deposits  of 
rolle4  pebbles,  and  bowlders  of  rock,  not  only  on  the  margin  of  the 
oceans,  seas,  lakes,  and  rivers ;  but  their  existence,  often  in  eqormous 
quantities,  in  situations  quite  removed  fbom  large  waters ;  inland,-^ 
imbedded  in  high  banks,  or  scattered,  occasionally^  in  profusion^  on 
the  foce  of  almost*  every  region,  and  sometimes-  on  the  tops  and  de- 
clivities of  mountains,  as  well  as  in  the  valleys  between  them ;  ,dieir 
entire  difierence,  in' many  cases,  from  the  rocks  in  the  country  where 
they  lie — rounded  masses,  and  pebbles  of  primitive  rocks,  being  de- 
posited in  secondary  apd  tertiary  regions,  and  vice  versa ;  these,  and 
a  multitude  of  similar  iacts,  are  among  the  most  interesting  of  geolog- 
ical pccurrences.  Curvilinear  stones  may,  possibly,  in  given  instan- 
ces,  be  formed,  by  decomposition  of  the  angular  portions — by  various 
chemical  agencies,  aiding  those  of  a  mechanical  nature ;  but  pebbles, 
present  unquestionable  evidence  of  having,  been  brought  to  their 
rounded  form  by  friction,  and  they  can  scarcely  be  confounded  with 
those  produced  in  any  other  way. 

The  attrition  of  the  common*  waters  of  the  earth,  and  even  that  ex- 
erted during  the  short  period,  of  the  prevalence  of  the  deluge  descri- 
bed in  Genesis,  would  do  very  little  towards  producing  so  mighty  a 

0 

result ;  and  we  must  assign  this  operation  to  an  earlier  and  much 
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OMM^  extended  eowne  of  medianicftl  ^genciesi  produced  by  loDg  tgi- 
Uted  waters. 

We  oiiiflt  charge  to  moving  waters  the  nndulatiiig  appenraiicd  of 
etratified  sand  and  grayel,  often  observed  in  many  places,  and  jmrj 
coBspicoously  in  the  plain  of  New  Haven,  and  in  other  regions  of  Con- 
necticut and  New  England ;  exhibiting  frequently,  a  delicacy  of  ilex* 
ion,  in  the  layers  of  gravel  and  sand,  which  makes  them  appear  as  if 
they  had,  but  a  moment  l>efore,  received  their  impulse  and  position 
from  undulating,  water,  and  as  if  they  had  copied  the  very  eddies  and 
gyrations  of  the  wave.* 

Bowlder  stones,  consisting  of  fragments  of  primitive  rocks,  probt- 
bly  from  the  regions  north  of  the  great  lakes,  are  found  abnndandj 
on  the  secondary  regions  of  Ohio,  New  York  and  other  states;  the 
fragments  of  the  primitive  Alps,  on  the  Jura  chain,  (the  lake  of  Genen 
intervening;)  the  ruins  of  the  Scandinavian  mpuntains  on  the  seconds- 
rjr  and  diluvial  plains  of  Prussia  and  Northern  Germany,  (the  Baltic 
being  between,)  and  the  fragments  of  the  northern  counties  of  Eng^ 
land,  cover  the  southern  and  middle  regions* 

In  many  cases,  bowlders  and  pebbles  can  betraced  to  their  Dati?t 
beds,  and  frequently  they  Are  strangers  to  the  regions  where  they  are 
found.  ^ 

Deserts  of  sand,  covering  tracts  more  or  less  extensive,  such  as 
tiiose  in  South  Africa,  and  in  the  Zahara,  stretching  in  a  vast  .belt, 
from  the  Atlantic  ocean  to  the  desert  of  Lybia ;  the  sandy  plains  of 
Arabia,  Germany,  and  Russia ;  the  great  desert  at  the  foot  of  the 
Rocky  mountains,  and  all  similar  deposits,  in  situations  where  no  to- 
isting  Causes  could  leave  them,  are,  with  great  propriety^  refmed  to 
diluvial  agency. 

Diluvial  torrents — lakes — v<dleys. 

That  diluvial  torrents  had  sufficient  power  to  roll  even  bowlder 
stones  and  disjointed  columnst  to  great  distances,  or  to  precipitate 
them  into  the  valleys^  is  sufficiently  evident,  from  what  we  know  of 
the  energy  of  torrents  in  our  own  time. 

Beds  of  sand,  gravel,  clay,  loam,  pebbles,  and  bowlders,  kre  found, 
as  already  stated^  to  compose  the  loose  materials  of  every  country, 


•  These  strata  would  piol>abIy  now  be  arranged  with  the  tertiary. 

t  Such  as  the  columns  of  trap,  sometimes  of  enormous  size,  which  are  found 
scattered,  up  aod  down,  through  the  great  Connecticut  valley,  often  at  a  great  dis- 
tance from  their  parent  ridges.  The  most  remarkable  case  in  this  range,  is  ten 
miles  west  of  Hartford,  on  the  Albany  tuinpilie.^S?«  T&ur  to  Quebec, 
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fend  they  iiiTariably  ezhibk  the  appearance  of  deposition  from  water* 
sometimes  tranquil,  sometimes  more  or  less  agitated. 

Diluvial  waters  appear  to  have  first  transported,  and  then,  in  a  state 
of  comparatiye  quietude,  to  have  arranged  these  masses  by  sediment* 
ary  deposition. 

The  effects  of  diluvial  devastation  are  in  a  considerable  degree  veil- 
ed, by  the  gradual  depositions  of  sedimentary  mattes,  during  the  de- 
cline of  the  waters. 

Granting  that  the  earth  has  been,  frcftn  any  cause,  covered  by  wa^ 
^T,  and  that  it  has  been  in  any  way  withdrawn,  there  must  evidently 
have  be^n  a  multitude  of  local  lakes,  determined,  by  the  basin  shape, 
so  often  traced  by  contiguous  hills  and  high  grounds ;  in  these,^  sepa- 
rate and  independent  deposits  were  doubtless  going  on,  for  a  length 
of  time,  perhaps  even  after  the  earth  began  to  be  peopled  at  the  crea- 
tion, or  repeopled  aAer  the  deluge ;  for  this  view  will  apply  equally  to 
the  waters  which  covered  the  earth  originally,  and  to  those  that  return- 
ed upon  it  by  an  universal  deluge.  Those  lakes  that  had  no  perma- 
nent supply  of  water,  would,  of  course,  be  exhausted  by  soakage  and 
by  evaporation :  others  would  burst  their  barriers,  or  gradually  wfar 
them  down,  and  during  their  escape,  renew  the  diluvial  ravages; 
while  those  only  would  be  perennial,  which  were  fed  by  streams  or 
springs. 

Many  valleys  of  denudation,  as  they  are  called  by  Prof.  Buckland, 
were  probably  produced  by  diluvial  action.  Such  valleys  are  con- 
spicuously seen  in  the  South  of  England :  similar  strata  are  found 
Gapping  contiguous  hills,  projecting  at  their  sides,  and  running  be- 
neath their  foundations ;  a  curve  or  hollow  having  been  scooped  out 
between,  thus  indicating  the  effects  of  great  rushing  toirents,  attend- 
ed perhaps  by  convulsions,  that  more  or  less,  broke  up  the  supefficial 
strata.* 

It  is  not  intended  that  all  valleys  were  produced  in  this  manner; 
many  doubtless  were  thus  formed,  and  many  more  were  thus  deepen- 
ed and  modified,  but  a  multitude  of  them  were  probably  among  the 
original  features  of  the  planet,  or  produced  by  early  convulsions. 

Extraneous  conienia  cf  the  diluvium. 

Single  bones,  parts  of  skelet9n8,.and  entire  skeletons  of  the  larger 
animals,  often  of  extinct  species,  but  mostly  of  knowA  genera,  are 


*  See  this  subject  ably  investigated  and  illustrated  in  the  Reliqnise  Dilnviaiue, 
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found  abundantly  in  the  diluvium  Of  all  countries,  where  curiority  and 
intelligence  exist. 

Whales,  sharks,  and  other  fishes;  crocodiles,  and  other  amphibia; 
the  mi^mmoth  or  the  extinct  elephant;  species  of  elephants,  nearly 
or  quite  like  thosjB  of  modem  times ;  the  rhinoceros,  the  hippopota- 
mus ;  hyenas,  tigers,  deer,  horses ;  various  species  of  the  bovine  fam- 
ily, and  a  multitude  more,  are  Tound  buried  in  the  diluvium,  at  a  great- 
er or  less  depth ;  and  in  most  instances,  under  circumstances  indica- 
ting that  they  were  buried  by  the  same  catastrophe  which  destroyed 
them ;  namely,  a  sudden  and  violent  deluge. 

It  appears,  from  Dr.  H.  H.  Hayden*s  Geological  Essays,  that  under 
the  diluvium  of  the  Atlantic  portion  of  the  middle  and  southern  states, 
there  lie  buried  a  great  quantity  of  the  bones  of  whales,  sharks,  por- 
poises, maihmoths,  Asiatic  elephants,  and  other  lar^e  animals,  along 
with  numerous  trees,  sometimes  with  their  fruit.  liayers  of  marine 
mud  are  also  fbun^l,  deep  beneath  the  diluvium,  below  the  present 
low  water  n^ark. 

There  are  also  vast  quantities  of  shells,  and  especially  of  a  gigantic 
oyster,  in  many  parts  of  the  southern  states.  They  are  found,  net 
only  in  digging  for  wells,  but  they  form  vast  beds  in  various  places. 

Near  Tours,  in  France,  is  a  bed  of  oyster  shells  twenty  seven  miles 
long  9Li(kd  twenty  feet  thick. 

But  the  beds  of  the  southern  states  far  \exceed  this.  A  stratum,  on 
the  whole  continuous,  although  mixed,  more  or  less,  with  the  general 
diluvium,  and  other  materials  of  the  country,  has  been  traced  from 
the  Eutaw  springs,  in  South  Carolina,  to  the  Chibkasaw  country ;  six 
hundred  miles  in  length,  by  ten,  or  from  that  to  one  hundred,  in 
breadth.* 

There  6an  be  little  doubt  that  many  of  the  beds  of  oyster  shells, 
w*hich  haVe  been  attributed  to  the  aboriginal  Indians  of  this  country 
are  diluvial  deposits. 

The  bones  and  skeletons  of  large  animals,  especially  of  the  mam* 
moth,  are  found  in  wide  dispersion,  and  in  very  remote  countries ;  in 
both  Americas,  in  Europe  and  in  Asia.  In  northern  Asia,  the  tusks 
of  the  extinct  elephant,  ar^  discovered  in  the  diluvial  banks  of  almost 
every  river,  and  the  ivory  is  found  in  such  abundance,  as  to  be  a  regu- 
lar article  of  commerce.  An  enormous  carcase  of  the  northern  or 
Asiatic  elephant,  a  few  years  since,  by  the  gradual  thawing  of  Ac 
frozoA  bank,  in  which  it  was  imbedded,  high  above  the  water,  iell 
down  and  exhibited  the  fies>l|  in  full  preservation ;  the  long  bristly 


♦  Mr.  Finch. 
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titir  and  vast  massy  hide»  requiring  a  large  number  of  men  to  cany 
it,  afforded  proof  irrefragable,  of  the  existence  of  the  animal  in  those 
rigorous  climates,  and  of  his  sudden  extinction,  inhumation  and  con- 
gelation, with  so  little  interval  of  time,  that  putrefaction  had  not  com- 
menced, and  has  not  since  taken  place,  during  a  long  succession  of 
ages. 

Indeed,  there  is  but  one  view  which  appears  to  carry  "with  it  the 
least  probability,  as  to  the  cause  of  the  wide  dispersion  and  sepulture 
of  the  gigantic  races ;  especially  of  extinct  animals  in  the  various 

« 

quarters  of  the  world.  It  seems  evidently  to^have  been  the  work  of 
a  deluge,  which  at  once  drowned,  and  in  many  instances  extinguish- 
ed, whole  races  of  animals,  and  buried  their  bodies  in  the  wreck  of 
the  planet  with  which  those  waters  were  evidently  filled.  .  Such  a 
scene  of  awful  devastation,  was  as  well  fitted  to  produce  these  efifects, 
as  it  was  ill  adapted,  to  the  comparatively  tranquil  life  and  death  of 
the  successive  generations  of  marine  and  aqueous  animals,  that  peo- 
pled the  earlier  oceans. 

As  organized  remains  are  fotfnd  at  ve^y  high  levels,  not  only  miner- 
alized, but  loose  or  in  diluvium,  the  prevalence  of  the  ocean,  at  differ- 
ent periods  and  under  very  different  circumstances,  is  thus  proved. 

It  is  said  that  the  skeleton  of  a  whale  lies  on  the  top  of  the  moun- 
tain Sandhorn,  on  the  coast  of  the  northern  sea.  THe*  mountain  is 
three  thousand  feet  high,  and  there  is  no  cause  that  could  have  coqvey- 
ed  the  whale  to  Uiat  elevation,  except  a  deluge  rising  to  that  height 

So  late  as  Ji\ne,  1824,  the  remains  of  a  whale  were  found  on  the 
westernmost  Stappen,  a  mountain  iu  Finmarck,  at  an  elevation  of 
eight  hundred  feet  above  the  ocean.  The  specimens,  which  were  re- 
ported to  be  vertebrae,  were  lost  by  shipwreck  'on  their  passage  to 
England.  Similar  remains  are  said  ^o  exist  also  in  North  Fugeloe, 
another  mountain  in  those  regions. — Penn, 

It  is  common  to  find  trees  and  their  members,  not  only  in  the  dilu- 
vium, but  abo  in  the  known  alluvium  of  rivers,  di^c.  In  general,  they 
are  not  much  altered ;  sometimes  they  are  partially  bituminized  or 
verge  towards  lignite,  or  perhaps  are '  really  lignite ;  at  other  times, 
they  are  penetrated  by  acids  and  saline  substances,  and  metallic  min- 
erals, as  pyrites,  are  occasid^ially  formed  upon  or  in  them. 

As  there  is  no  difference  in  the  nature  of  the  opemt^ons  by  which 
diluvium  and  alluvium  are  produced,  we  must  resort  to  an  induction 
of  particulars,  in  order  to  enable  us  to  distinguish  between  them ;  but 
in  most  situations,  especially  those  that  are  remote  from  rivers  and 
moving  waters,  there  is  very  little  occasion  for  hesitation,  in  forming 
an  opinion. 
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BeauHful  Arrangement  of  Loo9e  Materials. 

Nothing  in  geology  strikes  the  observer,  with  more  interest,  thaa 
the  beautiful  arrangement,  in  strata,  of  the  beds  of  sand,  gravel,  clay, 
loam  and  pebbles,  which  may  be  observed  in  every  conntry.*  A  see- 
iion  of  a  bank  of  any  of  these  deposits**— or  better  still,  an  avulsion 
or  fall,  which  leaves  the  stratification  exposed,  without  being  obscured 
by  the  rubbish,  produced  by  digging,  or  by  the  sliding  of  loose  sand 
-7-never  fails  to  exhibit  the  effects  of  sedimentary  deposit ;  sometimes 
horizontal — soipetimea  inclined  at  various  angles,  great  or  small— 
sometimes  undulatory,'  and  recording,  in  a  language  that  cannot  be 
misunderstood,  the  effects  of  subsiding  water.  The  beds  are  not  al- 
ways in  the  order  of  the  magnitude  of  the  parts.  Sometimes  coaner 
gravel,  or  even  pebbles,  will  form  a  layer,  above  fine  sand,  and  then 
perhaps  the  order  will  be  reversed,  indicating  that  there  were  cnneats; 
and  these,  relenting  and  increasing,  alternately,  as  they  were  impelled 
probably  by  tides  or  storms,  so  that  coarser  or  finer  materials  were 
transported  and  deposited,  as  the  waters  were  more  or  less  ablated; 
for' currents  must  have  existed  to  the  last.  Could  these  sedimentary 
deposits  be  now  all  removed,  we  should  see  the  naked,  scarred  and' 
devasted  skeleton  of  the  planet,  exhibiting  the  most  decisive  proof 
that  it  had  been  swept  by  violence,  of  which  we  find  evident  marks  m 
the  scratches  and  furrowsy  found  in  the  fixed  rocks,  that  are  covered 
by  diluvium. 

If  a  section  of  the  deepest  diluvium  could  be  made  quite  down  to 
ihe  solid  rock,  there  can  be  little  doubt,  that,  on  the  whole  the  mag- 
nitude ot  the  parts  would  correspond  with  the  depth,  and  the  larger 
fragments  of  these  materials  would  often  be  found  at  the  bottom. 
This  does  not  render  it  improbable,  that  bowlder  stones  shpuldbe  oc« 
casionally  deposited  on  the  surface,  especially  when  they  are  found  on 
the  firmer  materials,  or  on  rocky  ledges. 

Contrast  between  Diluvial^  amd'  TVanquil  Aqueous  Ageney* 

The  agency  of  water,  whether  fresh  or  salt,  in  sustaining,  deposit- 
ing and  burying  organized  bodies,  (except  the  effects  of  occanonal 
convulsions)  was,  evidently,  tranquil  and  long  dontinued ;  giving  time 
lor  many  generations  of  the  same  or  of  different  races ;  and  for  all 
the  alternations  and  successions  of  different  strata  with  different  or- 
ganized bodies. 


*  For  our  present  purpose  it  is  immaterial  whether  these  depositions  be  referred 
to  tertiary  deposits,  or  to  those  that  are  strictly  diluvial. 
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The  oecasioiial  inteirention  of  igneom  irriiption,  whether  flubnuk 
rine  or  subterrene,  below  or  among  the  strata  of  aqueous  origin,  or 
upon  them,  only  increases  thehiecessity  of  time,  and  when  these  co- 
incidences occur,  they  add  to  the  evidence  of  grand  geological  cycles* 

But  diluTial  agency  is,  usually  violent,  sudden,  and  of  short  dura- 
tion. 

If  the  universal  deluge  recorded  in  Grenesis,  be  taken  as  the  type  of 
diluvial  action  and  the  time  and  the  elevation  stated  in  the  history.be 
taken  into  the  account,  nothing  could  be  more  violent^  destructive, 
overwhelming;  and  certainly  upon  the  face  of  the  earth  are  every 
where  recorded,  in  legible  characters,  the  necessary  physical  effects 
of  such  a  debacle. 

It  has  entered  but  little  into  the  views  of  ariy  except  geologists  to 
discriminate  between  these  two  classes  of  effects.  They  are  as  wide 
apart  as  possiblct  and  nothing  in  science  is  more  unskilful  or  more 
unhappy  than  to  confound  them. 

The  surface  of  our  planet  has  been  swepi  by  violent,  agitated  tor- 
rents of  water,  which  covered  the  earth  every  where  with  its  own 
ruins,  but  probably  this  catachlysm  did  not  form  any  of  the  firm 
strata  filled  with  organized  remains. 

MisctXlantouA  Illtistrations^  from  ManteWs  Geology  of  the  South 

East  of  EnglandJ^ 

From  this  volume,  the  most  recent  in  time,  and  not  surpassed  in 
authority  by  any  work  on  Geology,  we  now  cite  some  miscellaneous 
facts  and  conclusions,  principally  in  the  words  of  the  respected  au- 
thor. . 

His  labors,  ably  seconded  and  illustrated  by  the  talent  4nd  taste  <>f 
Mrs.  Mantell,  have  shed  a  most  unexpected  light  on  the  geology  of  the' 
South  East  of  England ;  and  with  the  efforts  in  the  same  region,  of 
Webster,  Murchlson,  Fitton,  Buckland,  and  other  eminent  men,  have 
amtosed  materials  upon  which  are  erected'  general  conclusions  of  the 
greatest  importance.  Mr.  MantelPs  publications  on  local  geology  en- 
title him  to  rank  with  Cuvier  and  Brongniart,,  whose  grand  work  on 
the  environs  of  Paris,  led  the  way  in  this  species  -of  research,  which* 
has  since,  been  so  ably  and  successfully  followed  in  many  places,  and 
in  several  countries. 

Chapter  XI  of  Mr.  Mantell's  late  work,  from  which  our  citations 
will  now  be  made,  forms  the  conclusion -of  the  volume,  and  presents 


•  The  preface  of  which  is  dated  in  April,  1833. 
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tbe  **  Resaltfl"  of  a  covane  of  detailed  and  exact  induetioiii  iaToIvbg 
extensive  and  precise  knowledge  of  several  collateral  sdenc^  tod 
especially  of  conchalogy,  botany,  and  comparative  anatomy. 

The  chapter,  although  detached  from  its  documents,  is  mainly  in* 
telligible  without  them,  and  presents  a  fine  example  of  the  eourae  of 
induction  now  pursued  by  the  most  able  geologists  and  is  preciseljin 
point  in  support  of  our  present  argument    Mr.  Mantell,  remarb:— 

Happily,  the  evidejice  of  the  great  physical  mutations,  and  impor- 
tant changes  in  organic  life,  which  have  taken  place  in  this  part  of  the 
earth  during  the  geological  periods  to  which  our  researches  refer,  is 
so'  clear  and  satisfactory,  that  even  the  general  reader  will  perceive 
that  our  deductions,  extraordinary  as  they  may  appear,  natursllj  re- 
sult irom  the  facts  themselves. 

^e  several  formations  or  groups  of  strata,  previously  described, 
may  be  regarded  as  geological  chronometers,  marking  certain'  distinct 
epochs  or  periods ;  the  lowermost  or  most  ancient  of  which  (as  we 
have  already  noticed)  is  of  fiuviatile  origin,  and  reposes  on  the  Oolite^ 
a  marine  formation  of  great  extent,  that  forms  an  important  feature  io 
the  physical  sti^ucture,  not  only  of  England,  i)ut  also  of  the  CootineDt. 
The  Portland  Liitiestone  constitutes  the  uppermost  diviBion  of  the 
Oolite,  and  contains  marine  remains  only ;  it  is  succeeded  bj  the 
fresh-water  strata  of  the  Isle  of  Purbeck^  which  may  be  considered 
as  the  lowermbst  deposits  of  the  Wealden. 

But  there  is  a  fact  connected  With  the  history  of  the  Pordand  and 
Purbeck  beds,  so  highly  interesting,  and  which  illustrates  in  60  stri- 
king a  manner  the  nature  of  one  of  those  grand  geological  motatioos 
which  have  taken  place  in  the  south  of  England,  uiat  it  will  be  neces- 
safy  to  notice  it  here,  although  it  occurs  without  the  limits  of  the  dis- 
trict, which  it  is  the  professed  object  of  this  work  to  describe. 

In  the  island  of  Portland,  the  oolitic  limestone  is  extensiTelyqnar* 
ried  for  architectural  purposes,  and  supplies  most  of  the  cities  and 
towns  in  the  south-east*  of  England.  On  these  oolitic  strata  are  pla- 
ced deposits  of  a  totally  different  character.  Immediately  on  the  n^ 
permqst  marine  stratum  (which  abounds  in  ammonites^  terebrat  trt- 
gonia^  dLC.)  is  a  bed  of  limestone,  much  resembling,  in  appearance, 
some  of  the  tertiary  lacustrine  limestones.  Upon  this  stratnm  is  a 
layer  of  what  appears  to  have  be^n  an  ancient  vegetable  soil)  it  is 
of  a  dark  brown  colour,  contains  a  lar^e  proportion  of  eartUy  Ug' 
nitej  andf  like  the  modern  soil  on  the  surface  of  the  island^  manif 
water-worn  stones.  This  layer  is  called  the  dirt^bed  by  the  quarry- 
men  ;  and  in,  and  upon  it,  are  a  creat  number  of  silicified  trunks  of 
Coniferous  trees,  and  plants  allied  to  the  recent  cycas  and  zamia* 
Many  of  the  stems  of  the  trees,  as  well  as  the  plants,  are  still  erect,  as 
if  petrified  while  growing  undisturbed  in,  their  native  forest ;  the  fo^ 
roer,  having  their  roots  in  the  soil,  and  their  trunks  extending  into  the 
superincumbent  strata  of  limestone.  On  a  late  visit  to  the  quarries,  a 
large  area  of  the  surface  of  the  dirt-bed  having  been  cleared,  prepara- 
tory to  its  removal  for  the  purpose  of  extracting  the  building-stone 
from  beneath,  several  stems,  from  two  to  three  feet  in  height,  were 
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exposed^  each  standing  erect  in  the  centre  of  !b  mound  or  dome  of 
earth,  which  had  evidently  accumulated  around  the  hase  and  roots  of 
the  treee  ;  presentin^an  appearance  as  if  the  trees  had  been  broken, 
or  torn  off,  at  a  short  distance  from  the  ground.  Portions  of  trunks 
and  branches  were  seen,  some  lying  on  the  surface,  and  others  imbed- 
ded in  the  dirt-bed ;  many  of  these  .were,  nearly  two  feet  in  diameter, 
and  the  united  fragments  of  one  tree  measured  upwards  of  thirty  feet 
in  length.  The  silicified  plants  allied  to  the  Cycas  are  found  in  die  in-* 
tenrals  between  the  trees ;  and  I  dug  up  from  the  dirt-bed  several  that 
were  standilig  ereot,^evidently  upon  the  very  spot  on  which  they  grew, 
and  where  they  had  remained  undisturbed  amidst  all  the  reyolutions 
which  had  subsequently  swept  over  the  surface  of  the  earth,  *  The 
dirt-bed  extends  through  the  north  of  the  Isle  of  Portland,  and  traces 
of  it  hare  been  observed  in  the  coves  at  the  west  end  of  Purbeck  | 
and  a  stratum,  with  bituminous  matter  and  silicified  wood,  occurs  in 
the  cliffs  of  the  Boulonnois,  on  the  opposite  coast  of  France,  occupy* 
ing  the  same  relative  situation  with  respect  to  the  Purbeck  and  Port- 
land formations.  A  similar  bed  has  also  been  discovered  in  Bucking- 
hamshire, and  in  the  Vale  of  Wardonr,  proving  that  the  presence  of 
this  remarkable  stratum  is  coextensive  with  the  junction  of  the  Port* 
land  and  Parbeck  striata,  so  far  as  they  have  hitherto  been  exam^ 
ined.'* 

Above  the  dirUbed  are  thin  layers  of  limestone,  the  total  thickness 
bdng  about  eight  feet,  into  which  the  erect  trunks  extend,  but  no  oth- 
er traces  of  organic  remains  have  .been  noticed  in  them.  These  lime- 
stone beds  are  covered  by  the  modern  vegetable  soil,  which  scarcely 
exceeds  in  depth  the  ancient  one  above  described ;  and  instead  of  giv- 
ing support,  like  the  latter,  to  a  tropical  forest  can  barely  maintain  a 
scanty  vegetation,  there  being  scarcely  a  tree  or  shrub  on  the  whole 

island.t 

Here,  then,  we  have  recorded  in  characters  which  cannot' be  mis- 
taken the  nature  of  the  changes  which  took  place  in  this  part  of  the 
globe,  after  the  sea  of  the  oolite  had  deposited  the  marine  strata  of 
Portland.  A  portion  of  the  bed  of  that  sea  was  elevated  above  the 
surface  of  the  waters,  and  became  clothed  with  a  vegetation,  which, 
reasoning  from  the  close  resemblance  of  the  fossil  plants  to  the  recent 
Cycadec^  must  have  enjoyed  a  climate  of  a  much  higher  temperature 
than  is  known  in  these  latitudes  at  the  prenent  day.  How  long  this 
island,  or  continent,  (for  of  its  extent  no  correct  estimate  can  be  form- 
ed,) remained  above  the  level  of  the  ocean,  cannot  be  conjectured ; 
but  that  it  was  dry  land  for  a  considerable  period,  is  manifest  from 


•  Vide  Qeology  of  Hastings,  p.  76.  et  seq. 

tThe  appearance  of  the  large  (}aarry  on  the  northern  brow  of  the  Island  of 
Portland  was,  at  the  time  of  my  visit  (in  July,  1832),  peculiarly  iiiteresting ;  and 
although  prepared  hy  a  perusal  of  the  excellent  Memoirs  of  Mr.  Webster,  and  Dr. 
Bockland,  (Geol.  Trans,  dd  series,  vol.  ii.)  for  the  ohenom^na  presented  to  my 
Tiew,  I  was  struck  with  astonishment  at  the  extraordinary  scene;  the  floor  of  the 
quarry  was  literally  strewed  with  fossil  wood,  and  beforb  me  were  the  remains  of 
a  petrified  tropical  forest,  the  trees  and  the  plants,  like  the  inhabitants  of  the  city 
in  Arabian  story,  being  converted  into  stone,  yet  still  maintaining  the  places  which 
they  occupied  when  alive. 
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ftbe  Aomber  and  magnitude  of  the  petrified  trees  which  remain,  k  is 
equally  evident,  that  it  was  submerged  before  the  Purbeck  and  Vftil» 
den  strata  began  to  be  deposited ;  for  the  dirt-bed,  and  its  contents, 
are  covered  by  the  freshwater  limestone  of  the  former.  The  tropicai 
forest  of  Portland  mtiist,  therefore,  have  gradually  and  tranquUly  sub- 
sided (like  many  subterranean  forests  of  the  modem  epoch)  beneath  a 
body  of  fresh  water,. sufficiently  profound  to  admit  of  the  accumnlation 
of  the  limestone  and  fiuviatile  strata  that  compose  the  Weaiden. 
What  contemporaneous  changes  took  place  .in  other  parts  of  Eorope, 
it  would  be  foreign  to  our  purpose,  and  perhaps,  in  the  present  state 
of  our  knowledge,  in  vain  to  enquire ;  but  we  may  remark,  that  the 
submergence  of  so  extensive  a  tract  of  country,  probably  produced  ia 
other  regions  important  mutations  in  the  relative  level'  of  die  land  and 
water.  At  this  epoch,  then,  the  land  and  its  tropical  forest  sank  to 
the  depUi  of  many  hundred  feet,  and  became  the  bed  of  a  vast  lake  or 
estuary,  itito  whicb  we  have  the  clearest  evidence  thata  river  flowed, 
and  formed  a  delta,  made  up  of  the  debris  of  the  rocks  which  compe- 
sed  its  bed,  intermixed  with  the  remains  of  the  animals  and  vegeta- 
bles of  the  country  from  whence  its  waters  were  derived ;  for,  as  Mr. 
Bakewell  has  sagaciously  remarked,  a  river  that  could  form  a  delta  of 
such  exteAt  as  the  Wealden,  it  must  have  required  the  drainage  of  a 
vast  continent  to  supply.* 

The  proofs  of  the  Wealden  having  been  the  delta  of  some  andent 
river,  are  lio  fully  stated  in  the  preceding  chapter,  that  it  is  anoeces- 
sary  to  dwell  upon  the  subject  Of  its  original  extent,  our  eosjee- 
tures'must  necessarily  be  extremely  vague :  Dr.  Fitton  has,  boweveri 
ingeniously  ins.tituted  a  comparison  between  the  known  superfidil 
surface  of  the  Wealden^  and  the  deltas  of  some  modem  rivers*  ^  As- 
suming that  the  occurrence  of  the  Wealden  strata  at  Beauvais  is  es- 
tablished,  this  eminent  geologist  computes  that  the  remains  of  die  delta 
of  the  Iguamodon  period,  are  from  west  to  east,  or  from  Ldvorth 
Cove,  to  the  boundaries  of  the  LoWer  Boulonnois,  about  200  ndles; 
and  from  north-west  to  south-east,  or  from  Whitchurch  to  Beauvais, 
220  miles ;  the  total  depth  or  thickness  being  about  2000feett  This 
but  liitle  exceeds  the  modem  deltas  of  the  Ganges,  and' the  IGssisap- 
pi;  and  is  not  equal  to  that,  of  the  Quorra,'  or  Niger,  which  fonns  a 
surface  of  26,080  square  miles,  being  equal  in  extent  to  one  half  of 
England. 

We  have  no  data  from  which  to  calculate  the  probable  duration  of 
th<B  Iguanodon  epoch ;  it  is,  however,  manifest  that  no  brief  period 
could  have  sufficed  for  that  profuse  evolution  of  animal  life,  of  which 
we  have  such  positive  evidence  in  the  organic  remains.  It  ma^  herCf 
too,  be  remarked,  that  the  vegetables  and  animals  of  this  era,  like  the 
forest  of  Portland,  denote  a  tropical  climate,  and  belong  to  species  ^^ 


*  Had  the  fossil  vegetables  of  the  Wealden  been  identical  with  those  of  (he  Isle 
of  Portland,  it  might  have  been  supposed  that  the  latter  was  dry  land  atthelgoaA- 
odon  period:  bat  although  the  vegetable  remains  in  both  deposits  indicate  ute 
floras  of  tropical  climates,  they  are  totally  distinct  Arom  each  other,  and  belong  to 
different  species  and  genera. 

t  Geology  of  Hastings,  p.  58. 
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genisra,  whall j  nnkpown ;  ,«iid,  as  ve*  have  elsewhere  obsetred,  .4he 
fossil  bbnes  of  the  oviparous  (j^oa^rupeds  are  so  eBomo«8«' -that  jit  is 
eTen  difficult  to  believe  the* evidence  of  onr  seoses,  wben  we  attempt, 
frdtii  these  remaihs,  to  restore  the  forms  of  the  ettinct  monsters  of  ihe 
ancient  world. 

The  next  great  change  is  the  subsidence  of  the  Wealden  into  Afi 
abyss  of  that  extensive  and  profound  ocean  which  deposited  the  cl^al^ 
formation^  Whether  this  mutation .  were  effected,  suddenly, 'Oif  Jby 
alow  degrees;  whether  the  Wealden  subsided ^entijre,  or  ware  broken 
np  previously,  to  its  i^ubmergence ;  or  whether,  like  the  Isle  of  Pori- 
liind,  it  constituted  dry  land  at  some  remote  period  antecedently  to  its 
being  buried  beneath  the  sea,  we  have  nq  data  to  enable  us  to  decide. 
*  The  prineipallines  of  elevation  ofxhe  Wealden  are  clearly  referable  to 
'  those  movements  which  up-heaved  the  chalk  and  incumbent  stratia: 
but  we  may  observe*  that  the  deeper  beds  exhibit  traces  of  extedsive 
faults  and  dislocations,  which  seem  to  belong  to  previous  disrUptipna, 
for  the  fisBure^i 'and  chasms  are  fiUed  up  with  broken  shale,- and  olay, 
and  sand,  the  debris  of  the  Wealden,  and  contain  no  intermixture  what- 
ever-of  the  marine  deposits  which  mtiy^be  supposed  to  have  once  cov- 
ered 4hein. 

The  ocean  of  the  chalk  ^appears  to  have  been  of  vast  extent ;  it  bu- 
ried beneath  its  waters  a  considerable  part  of  Europe ;  and,  pf  obaldy, 
likto  the  Atlantic;  its  waves  reached  the  western  wdrld,'  and  coveried  a 
Jiionion'Of  the  continent  of  North  America.*  The  nature  of  the.  stnfta, 
and  the  organic  remains  which  they  enclose,  prove  that  the  chalk  was 
deposited  in  tbe  tranquil  depths  of  a  profound  op^an*;  tl^e  abundance 
of  Ammonites^  Nautili,  and  other  multiloc'ular  shells  that  inhabit  ihh 
bottom  of  the  deep ;  ihe  almost  entire  absence  of  pebbles  and  grravel ; 
the  )>erfe.ct  statein  which  the  fishes  and  other  perishable  ofganicbiSd- 
ietf  occur — ^not  as  in  the  Wealden,  crashed,  and  disjointedi  l)Ut  as  per- 
fect a»  if  they  had  been  enveloped  bv  a.sof^  paste  when  living,  oreiwn 
while  in  a  state  of  progression-^aQ  bear  evidence  in  favour  of  such  a 
conehision.  .  *"  :^    • 

There  are  but  few,  if  any  remains  of  terrestrial  animals  and  plants, 
to  ihr^w  light  on  the  nature  of  the  climate  during  thct-  cretaoeop^ 
ebocb:  we  may,  however,  infer  from  the  nautili  and  other  tropical 
sheUis^  ai  well  as  from  the  presence  df  the  Biony  polipidomst  or  corals, 
that  the  temperature  was  not  ipnch  inferi:or  to  that  of  the  Igoanodon 
period,  for  this  division  of  zoophytes  is  not  known  to  exist  in  low  lati- 
tudes in  our  knodern  seas^t    The  cretaceous  strata  of  the  chalk,  with 


•  The  occurrence  of  the  remains  of  the  MososauruSj  that  ditraprdinSij  reptHe 
of  the  Maestricht  beds,  in  the  strata  of  the  United  Sta^,  previoosly  nae«t)olied,  is 
a  renmrkable  fact  in  corroboration  pf  such  an  inference.  See  Dr.  Morton  on  the 
PerrugiTious  Sand  Formation  of  North  America,  €vo.  1  vol.  with  plates.  PhilO' 
dalphia.    1833.  . 

t  M.  La^onronx  observes,  that  in  the  colder  latitudes  the  CeUarias^  and  iaemt- 
hufuB  alone  are  to  be  found ;  with  a  few  closely  woven  sponges,  and  a  small  num< 
'ber  of  alcyonia.  The  minute  Pentacrinus  Eitropaus^  recently  discovered  by  Mr- 
Thompson  in  the  Cove  of  Corkj  is  an»exception ;  but  the  recent  Pentacrinus  Ca^ 
put  Jmdutaf  to  which  the  pentacrinal  stems  that  occur  in  the  chalk  bear  consider' 
able  aaaloay,  is  found  in  the  sea  off  the  West  India  Islands. 

6a 
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their  Bodules  ^nd  veins  of  flint,  hare  more  the  character  of  a  cheni' 
.cal  productions  than  of  a  mere  mechanical  deposit ;  and  maj  perhaps 
owe  their  ofigin  to  precipitation  from  thermal  waters.  The  sh^Jls  and 
crustaceous  coverings  of  the  echini  are  invariably  changed  into  calca^ 
reoiis  spar ;  and  in  many  instances  the  terehratula,  are  twisted  and 
contorted  in  every  direction,  without  the  shells  exhibiting  a  suigle 
fracture ;  changes  ^hi^h  probably  resulted  from  the,  infij|;ience  of  a 
high  temperature  under  consi(}erable  pressure. 

With  the  exception  x>f  the  j>entaervnus^  the  teeth  of  fishes  reseni- 
bKng  those  of  the  shark,  the  teeth  of  crocodiles,  and  pechapsa  few 
shells,*  the  organic;  remains  of  the  chalk  differ  entirely  frbntall  known 
easting  species,,  as  well  as  from  the  fossils  of  other  formations.  The 
thickness  of  the  chalk,  which  Is  estimated  at  upwards  of  1200  feet^ 
and  the  immense  variety  and  numbers  of  its  organic  remipns,  evince 
that  thd  agents  which  produced  it  were  in  full-activity  through  a  long 
peQod  of  timet-  Although  we  have  'Uo  satisfactory  evidence  to  deter- 
mine whether  the  chalk  were  deposited  over  the  entire  surface  of  the 
Wealden  (as  seems  most  probable^)  or  whether' the  latter  were  under- 
Kohig  elevation  during  the  deposition  of  .the  chalk,  and  were  but  par- 
tially covered  by  the  cretaceous  strata,  yet  there  can  be  do  dodht  that 
the  ichalk  originally  veiy  much  exceeded  its  present  limits*  It  is  true 
that  gravel,  and  partially  rolled  flints,  occur  j)ut  rarely  on  the  Weal- 
den, the  diluvial  covering  of  the  latter  chiefly  consisting  of  its  own  de- 
bris ;  yet  this  jfoct  may  have  resulted  from  the  action' of  the  sea  during 
the  elevation  of  the  strata,  oi  many  othercauses,  and  cannot  be  adiaitr 
t^  as  afibrdihg  conclusive,  evidence  that  the  Wealden  was  nevenwhol- 
ly  coveced  by  th^  chalk.  Our  limits  will  not  allow  us  to  examine  this 
interesting  q^uestion  in  all  its  bearings,  which  will  'be  fnlly  elucidated 
in*^  the  3d  volume  of  Mr.  LyelPs  '*•  Principles  of  Geology,'.'  now  in  the 
press.;  ^nd  we  proceed  to  the  ponsideration  of  the  next  geologic^ 
eia-^hat  in  which  the  older  tertiary  strata  w.ere  deposited. 

The  epochs  we  have  already  noticed  are  marked  by  immense  mntir 
tiohs'in  the  relative  situation  of  the  land  and  sea ;  yet  these  changes 
appear  to  ,hav-e  been  effected  in  such  a  manner  as  tp  have  occasioned 
comparatively  but  little  derangement  in  the  strata,  and  tp  ha^e  been 
succeeded  by  periods  of  repose  of  long  duration. .  In  the  tertiary  era, 
on  ihe  contrary,  it  is  maliifest  that  the  disturbing  forces  were  in  fn- 
4|i9eot  and  violent  action,  and  produced  elevations  and  su}i8idence8» 
and  enormous  dislocations  and  fissures,  throughout  the  whole  mass  of 
the  strata  of  the  south-east  of  England.  In  the  anticlinal  axis  of  the 
Forest  ridge,  from  whence  the  strata  diverge  to  the  south-east  in  Sus- 
sex and  the  north-west  in  Kent,  we  have  evidence  of  a  force  having 
<icted  froinheneath,-in  a  directit>h  fron^  e&st  to  west,  by- which  the 
Wealden  beds  have  heen  devated  above  the  chalk  formation,,  and  the 


♦  Even  these  few  eicejitions  are  very  equivocal,  and  probably  the  species 'will 
hereafter  prove  to  be  distinct  from  theirsupposed  analogues. 

t  The  fossils.of  the  chalk  of  Sussex  are  ettumerAtcd  in  the  Catalogue  in  the  Ap- 
pendix to  this  work.  In  the  list  of  the  organic  remains  of  the  cretaceous  strata  of 
Europe,  given  Iqr  M.  De  la  Bechej  there  are,  of.Repiiles,  6  or  S ;  Fishes,  10  or  12; 
Crustacea,  15;  MoUusca,  225;  Qonchifera,  285;  Annulata,  110;  Radiaria.  90; 
Vegetable  remains,  20  species^  16  of  which  are  marine. 
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cretaceoi)s  strata  broken  up,  and  swept  away  from  the  whole  central 
area  of  Kent  and  Sussex.  On  these  phenomena  Dr.  Fitton  observesi 
chat;  ^-whether  the  fractures  and  up-he&vin^s  took  place  Entirely  be- 
neath the  sea,  or  after  the  strata  were  in  part  or  Wholly  raised-  above 
its  surface,  at  once  or  at  distant  epochs,' we  have  no  facts  to  enable  us 
to  decide ;  it  is,  iirdeed,  not  impossible  that  the  very  act  of  rending  the 
strata  may  itself  have  effected  their  protrusion  from  beneath  the 
waves.'*  If,  however,  we  consider  that  the '  chalk  was  upwards  of 
IdOO  feet  in  thickness,  and  extended  over  the  whole  southern  denuda- 
tion, it  se«m8  probable  that  elevation  and  destruction  were.goiiig  on 
frimultaneoosly.  So  soon,  as  the  first  ridge,  of  chalk  on  the  anticlinal 
iihe  protruded  above  the  surface  of  the  ocean;  it  would  becopie- expo- 
sed to  the  aotion  of  the  waves  ;  and  as  elevation-  proceeded;  degrada- 
tion W011I4  proceed ^also,  until  the  whple  of  the  chalk  strata  were  car- 
ried away,  and  the  Wealden  beds  in  their  turn  became  exposed  to  the 
same  destructive  agency.  The  debris  of  both  formations  would  thus 
Income  intermixed  and  deposited  in  the  hollows  of  the  chalk,  giving 
rise  to  those  a^cumulationji  of  transported  materials  of  which  the  t^- 
dary  strata  are  principally  composed,  During  tfaelie  important  and 
«xteniive  changes, 'the  tertiary  ocean  which'  then  covered  the  south- 
east of  England,  must  have  been  fitudded  with  islaiids,  formed  by  the 
most  elevated  portions  of  the  chalkand  Wealden  ;t  the-marshes  of  the 
then  existing  continent'  were  peopled  with  tHbes .  of  ^xtinct  anipiarls 
4ilKed' to  the  Tapir  .(the  palmotheriansj)  and  the  lacustrine  formstiona 
of  flaxnpshire  and  the  Isle  of  Wight  were  depocdted. 
•  The  organic  remains  of  the  tej'tiary  epoch  differ  efitirely  from  those 
of  the  chalk  upon  which  in  the'  south-ea^t  of  England  they  r^potae. 
In  the  Isle  of  Wight,  in  the  Paris  Basin,  and  many  contemporaneous 
deposits  on  th^  continent,  they  consist  of  alternatioiis  of  marine  and 
freshwater  shells,  kidicating  the  existence  of  hikes  communicating 
with  tiie  sea.  The  ammonites,  and  other  ojicient  pelagian  shei^,'ent 
tirely  disappear,  and  a  small  proportion  of  recent  species  oc<ur8  in 
the  most  ancient,  and  a  much  more  considerably  number  in  the  newer 
deposits.  With  these  are  associated  th^  regains  of  tl|e  PalseotheriSy 
of  crocodiles,  turtlei^,  birds,  and  fishes ;  and  the  sterns  and  leaves  of 
palms,  and  other  vegetables  characteristic  of  an  equatorial  climate. 
In  the  tertiary  stsata  of  the  south-bast  of  England;  no  traces  of  mam- 
malia have  been  discovered ;  the  oi:ganic  remains  consisting  of  shells, 
the  bonos  and  teeth  of  fishes,  apd  the  leaves  and  stems  of  vegetables* 
The  next  era  is  marked  by  the  existence  Of  the  fossil  elephant,  or 
mammoth,  in  these  latitudes,  having  for  .contemporaries  a  species  of 
deer,  ox,  and  horse ;  and  in  other  parts  of  England,  •  the  jrhinoceroSf 
hippopotamus^  d&c.  The  t^eth  which  have  been  found  in  Sussex  be- 
long to  a  species  nearly  allied  to  the  Asiatits  elephant,  and  tbe'deposit^ 
in  which  they  occur  are  decidedly  of  a  Aiore  recent  date  than  Ihos^ 


♦  iOcologyofHastings,  p.  83.        '  -        / 

t  Vide  the  '  Principles  of  Geology,*  vol.  ii.  In  the  map  illustrating  the  sxtent  of 
the  tertiary  sea,  or  seas,  it  will  be  seen  that  Mr.  Lyell  has  delineated  a  range  of 
chalk  islands  in  the  south-eastern  part  of  Elnglaildj  agreeably  to  this  theory  of  the 
gradual  elevktion  of  the  land. 
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«bo?6  described,  for  tfaey  e6nuin  boulders  of  tertiary  sandstonet  and 
breccia ;  whilct  in  ^e  older  tertiary,  the  Iremaips  of  the  elepltiant  have 
net  been  discovered.  The  perfect  state  of  the  teeth  in  the  deposits  at 
Brightont  forbids  the  supposition  that  they  were,  transported  from  a 
distance :  and  we  have,  tpo,  the  remarkable  fact,  ihat  while  the  shin- 
gle on  which  the  elephant  bed  reposes,  is  composed  not  only  of  chalk 
pebbWs,  but  of  boulders  of  granite,  porphyry*  and  other  primary  rocks 
frhich  must  have  been  brought  from  a  distant  part  of  the  country,  and 
of  tertiary  sandstone  and  breccia,  and  the  sand  beneath  contains  the 
bones  of  whales,  no  remains  of  elephants  have  been  found  therein*  It 
would  seem«vtl)ere|6re,  th^t  the  sand,  and  the  shingle,  were  formed  in 
an  estuary,  find  that  when  the  upper  beds  were  deposited,-  all  comma- 
nioation  with  the  ocean  was  cut  o^";  for  neither  the  bones,  nor  the 
materials  of  wbicb  the  bed  is  composed^  appear  to  Jiave  suffered  from 
attrition,  nor  is  there  any  intermixture  of  marine  exuviae.  Thes^  de- 
ports were* evidently  pf  considerable  extent:  there  are  outlying 
E'  ebes  on^the  chalk  along  the  coasts  of  Sussex  and  Kent,  and  also  at 
bles,  and  other  points  on  the  opposite  s^res  of  France.  Similar 
s  occur  on  th^  banks'of  the  Loire,  ai^d  probably  the  satane  series  is 
represented  by  the  Orag^  overlying  the  London  Chiy,  oh  the  eastern 
shoresi  of  England 4  facts  which  tend  to  proVe  that  the  estuary  once 
extended  over  a  considerable  portion  of  the  area  now  occupied  by  the 
British  Channel.**  *  The  geological  relations  of  this  grojcip  of  depMls 
are  >as  yet  but  lo^erCectly  known.  The  zoological  characters  which 
distinguish  them  from  the  older,  tertiary  strata,  are  the  absence 'of  the 
pai(toth^ria^  and  the  occurrence  of  the  remains  of  the  mammoth,  rhi- 
noceros, flRid  other  mammalia,  whose  bones  are  so  constantly  ibund  in 
the  superficial  gravel  of  Europe,  intermixed  with  those  of  recent  spe? 
cies. 

To  this  epoch  we  may  probably  refer  the  existence  of -hyenasi  ti- 
gers, and  other  carnivorous  animalb,  whose  skelelons  are  entombed  in 
such  immense  numbers  inxaverns,  and  fissures,  and  in  beds  of  super- 
ficial gravel,  in  various  parts  of  England,  and  the  continent  One  sol- 
itary instance  only  is  known  of  the  occurrence  of  remains  of  this  kind 
in  the  south-east  of  England.  The  lowerjaw  and  a  few  fragments  of 
other. bones  of  a  hyena  were,  discovered,  a  few  years  since,  in  a  chasm 
in  a  stone  quarry  at  Boiughton,  near  Maidetone.    .  .        > 

The  next  era  is  that  during. which  the  Crag,  and  the  tertiary  strata^ 
tnd  thech^lk-on  which  'they  repose,  were  lifted  up  to  their  present 
situations ;  the*  channel  which  separates  England  from  France  was 
broken  through^  and  the  -transverse  valleys  of  the  North  and  South 
Downs  were  produced  or  enlarged ;  for,  although  these  valleys  are 
now  river  courses,  yet  it  is  obvious  that  they  originated  in  disruption, 
for  the  stratus,  in  every  instance  which  fhave  observed,  diverge  fVom 


♦  Ml-.  Samuel  Woodward,  of  Norwich,  the  author  of  the  'Sjmoptical  Table  of 
British  Organic  Remains,'  (a  work  indispensable  to  the  prac(ical.geologist)  states, 
that  in  the  crag  on  the  coast  of  Norfolk,  the  remains  of  Mammoths  are  so  abund- 
ant, that  on  the  oyster-ground  off  Harborougb,  the  grinders  of  these  animab  which 
bare  been  found  must  have  belonged  to  upwards  of  500  individuals. 
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the  line  of  fraeinre.*  We  should  doobdess  err  ia  asBigniog  aH  tbet6 
mutations  to  one  aod  the  same  period ;  the  phenomena  are  extremely 
comfdicaled,  and  an  appearance  which  may  seem  io  have  been  pro* 
duced  at  the  same  timet  and  by  a  single  operation,  may  have  been  the 
result  of  many  and  varied  changes.  There,  is,  however,  one  fact  res* 
pecting  whiolf  there  can  be  no  hesitation,  namely,  that  the  disturbing 
forces  which  have  broken  up  the  tertiary  deposits  came  into  action 
afUr  the  elephant  epoch.  These  ^lavatory  movements  apd  convul? 
sions  were  manifestly  of  great  intensity,  and  materifiUy  changed*  the 
physical  geography  of  the  so|ith-east  of  England,  and  Uie  contiguous 
parts  of  the  continent,  and  oecasion^d  the  vertical  posid<Hi  of  the 
strata  in  the  Isle  of  Wight  and  Hampshire*  These  alterations  in  the 
surface  of  the  country,  must,  too,  have  be^n  .attended  with*  great 
changes  in  the  hj^rography  of  Hampshire;  'Surrey,  Kent,  and  Sussex; 
the  waters  resulting  from  the  draiiiage  of  ihe  land,  and  which,  beforH 
the  existence  of  the  transverse  fractures,  probably  flowed  through. the. 
longitudinal  valleys  towards  the  east,  would  be  thrown  into  different 
channels,  and  find  their  way  to  the  ocean  by  the  existing  river  couttes. 
Traces  of  these  revolutiona  remain  in  the'  boulders  and  superficial 
loam  and  gravel,  which  occupy  the  valleys  and  low  elevatmns  of  the 
south-east  of  England.  « 

Subee^iaently  to  these  last' ndentioned.  changes,  ihe  syrlace^f  the 
eoOBtry  appears  to  have  undergone  no  matenal  alteration;  tbe'^fdi* 
nary  eflfecta  of  the  atmosphere;  the  -degradation  of.  the  shores  by  the 
action  of  the  sea;  the  erosion  by  river  currents  of  the  strata  over 
which*  they  flow,  and  the  formation  of  deltas,  and  ^e  silling  up  of 
vaUejTB,  being  the  only  physical  changes  that  hive  taken  plaqe  in  the 
south-east  of  England  during  the  modern  epoch,  and  which  are  still 
in  active  operation.  - 

The  existing  rivers  in  this  district  are  producing  on  a  small  scale 
the  same  effects  as  the  mighty  river  of  the  Iguanodon  period ;  bring* 
ing  down  from  the  interior  the*  debris  of  the  strata  over.  Which  they 
flow,  mixed  with  the  bones  of  animals,  and  the  trunks,  brsinehesy  and 
leaves  ^f  vegetables,  and  imbedding  a  portion  in^the  chalk  valleys,  jn 
a  deposit  of  mud  or  silt,  and  transporting  the  remainder  to  form  ^el** 
tas  at  their -entrance  intp  the  ocean.  '     •  '  ^  .   i 

The  levels  near  Lewes,  described  in  a  former  part  of  this  volumOf 
afford  so  interesting  an  illustration  of  the  silting  up  of  the  disrupted 
valleys  of  the  chalk,,  during  a  comparatively  very  recent  peiiiod,  that 
we  subjoiir  the  following.isummary  of  the  sequence  of  events-  which 
they  record*!  First,  there  was  a  salt-water  esluary  peopled  for  many 
years  by  marine  testacea  identical  ^th  existing  species,  and  into  wJii^ 
some  of  the  large  eetacea,  as  the  sea^unicom  and  porpoise,  oce asion« 
ally  entered.    Secondly,  the  inlet  grew  more  shallow,  amd  the  water 


*  Mr.  Woddward  arrives  at  the  same  conclufiion  fpom  an  exalpination  of  the 
chalk  valleys  of  Norfolk.  "Thes^,*^  he  observes,  "are  valleys  of  disruptions 
that  is,  they  were  formed  by  the  elevation  of  the  chalk  and  its  consequent  frac- 
ture, as  is  evident  from  the  strata  of  chpJk  and  flints  on  eacl^side  of  the  valley 
being  now  found  to  decline  from  the  line  of  elevvAion^^^-^Ofrrespondence  with  tie 
Autk4fr, 

t  Principles  of  Geology,  vol.  ii.  p.  d76. 
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beeamebracktsbt  or  ^ilterDately  salt  and  fresli^  so  that  fresh-water  and 
marine  shells  were  mingled  in  the  hlue  argillaceous  sediment  «t  the 
bottom.  Thirdly,  .the  shoaling  eontinued  until  the  river  water  pre- 
vailed, and  was  no  longer  habitable  by  marine  testacea,  but  fitted  only 
for  the  abode  of  flariatile.  species  and  aquatic  insects.  Fourthly,  a 
peaty  swamp  or  morass  was  formed,  into  which  trees  and  terrestrial 
animals,  as  deer,  were  occasionally  drifled*  by  land  fitioda.  Lastly, 
the  soil,  being  only  subject  to  periodical  inundations  from  the  river, 
became  a  verdant  plain,  through  which  the  narrow  Ouse*  now  winds 
its  way  to  the  British  Channel.  It  is  ia  alli^vial  deposits  of  this  kind 
^uLtike  remains  of  man  first  Appears  human  skeletons,  smd  the  rude 
instruments  of  a  half-civilized  race,  are  found  associated  with  the  bones 
of  animals  which  still  inhabit  this  country,  and  in  some  instances  in- 
termixed with  the  osseous  remains  of  a  few  species  that  appear  to 
have  been  extirpated  by  man.    . 

Sikch  are  the  results  which  a  review  of  the  geological  phenomena 
of  the  8outh*^st  of  England  offers  to  our  consi.deration.;  We  have 
evidence  of  great  physical  mutations  of  the  sirrface  of  the  earth—of 
vast  changes  in  the  temperature  of  the  climate;  and>we  perceive  that 
these  revolutions  were  accompanied^by  a  corresponding  elteration  in 
the  forms  of  -organic  life :  these  are  general  conclusions,,  which  can- 
not he  dispi^ted^  although'  the  laws  that  governed  these  co-ensting 
pheuoinena  may  be  coticealed  from  our /dew.  It' is,  however,  obvi- 
ous, that  the.  great  changes  which  have-  tiiken  place  in  the  relative 
S'Oportronof  tne.  land  and  water,  mast  have  n^iater^ally  influenced 
e  temperature  o€  the  climate,  and  consequentl-y  the  geographical 
distribution  of  animiQs  and  vegetables.  •  Mr..  Lyell  has  treated  this 
question  in. n  veiy  luminous  and  admirable  manner,  and  has  shown 
that  there  is  every  reason  to  conclude  that  since  the  commeaeement 
of  the  tertiary  peripd,  the  dry  land,  in  the  northern  hemisphere  has 
been  Ihcreasing ;  not  only  because  it  is  now  greatly  in  excess  beyond 
the'  average,  proportion  whidh  land  generally  bears  to  water  on  onr 
planet;  but  because  a  comparison  of  the  secondary  and  tertiary  sti^ta 
afiords  indications  throughout  the  spacQ  occupied  by  Europe,  of  a 
transition  from  the  eonditioH  of  an  ocean,  interspersed  with  islands, 
*  to  that  of  a  large  continent:  and  to  this,  increase  of  the  land  in  the 
northern  hemisphere  we  may  probably  attribute,  in  a  great  measure, 
that  ^dual  'diminution  of  temperature  which  the  organic  remains  of 
th6  different  periods  denote.  **  The  climate  was  hottest  when  the 
northern  hemisphere  was  for  the  roost  part 'occupied  by  the  ocean; 
and  the  refrigeration  did  not' become  considerable  until  a  very  large 
pqroportion  *of  that  oceata  was  converted  into  land  and  replaced  in 
some  parts  by  high  mountain  chains :  nor  did  the  Cold  reach  its  maxi- 
mum until  these  .chains  attained  their  greatest  elevation,  and.  the  land 
its  utmost  ex  tension.*' ' 

The  changes  that  have  taken  place  in  the  forms  of  the  animal  and 
vegetable  kingdoms,  ar^  not  less  striking  than  those  which  we  have 
above  described  in  the  inorganic  world.  The  animals  and  plants  of 
the  more  ancient'strata,  are  not. only  such  as  could  not  now  exist  in 
the  latitudes  wfiich  they  formerly  inhabited,  but  almost  all  thfe  spe- 
cies, and  very  many  of  tht  genfera,  are  no  longer  to  be  found  in  any 
part  of  the  known  globe.    In  the  newer  deposits,  on  the  contrary* 
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we  pereeive  an  intermixture  of  eziatiDg^  with  extinct  species ;  the 
proportion  of  the  former  increasing  according  40  the  more  recent 
formation  of  the  strata,  tiH^  in  the  deposits  of  the  modern  era,  the 
remains  of  existing  species  alone  are  discovered,  and,  as  we  have  al«. 
ready  remarked,  in-  these  accumulations  of  debris,'  the  skeletons  of 
man,  and  traces  of  the  works  of  art  of  ihe  early  tribes  of  oar  racei 
are  sometimes  found  imbedded. 

The  extinction  of  whole  genera  of  animals  aiid  plants  has,  no  doubt* 
depended  on  various  causes.  In  the  earlier  revolutions,  the  vicissitudes 
of  climate,  and  the  mutations  of  lanid  and  iVater,  were,  probably«  the 
principal  agents  of  .destruction :  .but  since  man  became- the  lord  of  the 
creation,  his  iieceseities  and  caprice  have  occasioned  the  e;xtirpalion 
of  many  tribes,  whose  regies  are  found  in  the  same  superficial  strata 
with- those  of  species  concerning  which  all  human  faist^ify  and  tradi- 
tion^re  silent.* 

The  obliteraticfn.  of  certain  forms-  of  animal  life  (and  perhaps  the 
creation  of  new  ones)  appea,rs^  therefore^  to  be  dependent  oxi  a  law  in 
th$  economy  of  nature^  which  is*  still  in  active  operation. .  Of  this  ws 
haye  a  remarkable  instance  in  the  case  of  the  Dode^  which  ha^  beei) 
annihilaled,  and  become  a  denizen  of  the  fossil  kingdom,  aln^os^  be- 
fore our  eyes.  The  Dodo  was  a  bird  of  the  gallinaceous  tribe,  larger 
than  the  turkey,  which  existed  in-  great  numbers  in  the  Mauritimi  and 
adjacent  islands,  when  those  countries  were  first  colonized^ by  the 
Dotch^  about  two  centuries  ago.  This  bird  was  the  principal  food  of 
the  colonists ;  but  it  was  incapable  of  -domestication,  and  its 'numbers 
sopn  became  sensibly  diminished.'  Stuffed  specimens  were  sent  \fl 
the  miiseums  of  Europe,  and  paintings  of  the  living  animal  were  exe« 
cated,  and  copied  into  the  works  on  natural  history.  The  Dodo  is* 
now  extinct:  it  is  no  longer  to  be  found  :in  the  isles*  where  it  once 
flourished,  and  even  all  the  stuffed  specimens  are  destroyed ;  tfie  only 
relies  that  remain  being  the  head  and  foot  of  an  individual*  in  the  Ash* 
molean  mdseum  at  Oxford,'  and  the  leg,  of  another  in  the  -British  mU'^ 
seunn.  To  render  thi^  history  complete,  the  fossiltzed  remains  were 
alone  wanting,'  and-  these  have  actually  been  found  beneath  a  bed  of 
lava  in  the  Isle  of  Frapce,  and  are  now  in  the  museum.of  ^tbe  Jardin 
des  Plantes  at  Paris ;  affording  the.  mos(  unexpected  and  conelusiye 
evidence  of  the  truth  of  what  was  formerly  considered  one  of  4hi» 
most  startling  propositions  in  modern  geology.f 

Another  highly  interesting  and  important  fact  is  prpved  by  the  phe- 
nomena that  have  been  presented  to  our  examination,  namely,  the 
comparatrvely  recent  period  at  which  man  became  an  inhabitant  of 
the.  earth,  and  exercised  dominion 'over  the  animal  creation ;  a  fact  in 


•  In  Great  Britaini  we  may  instance,  as  beldnging  to  species  vhich  formerly 
existed  in  this  country,  and  are  still  living  in  other  parts  of  the  globe,  the  beeevef, 
bear,  wolfy  hyenas  <f^.;  and;  as  wholly  extinct,  the  Irish  Elk'vjiSi Mammoth,  witli 
whose  bones  existing  species  of  shells  are  sometimes  found  associated.  Consult 
Dr.  PUming^s  British  Animals,  1  vol.  8vo.  1828:  also  an  excellent  Memoir,  by 
the  same  author,  in  the  Edinburgh  Philosophical  Journal,  No.  xxii. 

t  See  an  excellent  paper  on  the  Dodo,  by  Mr.  Duncan,  Zoological  Journal  fwr 
January,  1828:  also,  "Contributions  towards  the  History  of  the  Dodo,  (Pidus  in- 
^usy)  by  J.  V,  Thompson,  Esq.,  Mag.  Nat.  Hist.,  vol  ii.  p.  4-42  j  and  Mr.  Lyelfs 
Principles  of  Geology,  vol.  ii.  p.  151. 
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stttct  accordance  with  those  sacred  records  which  r^Teal  the  moral 
obligfttions  and  destiny  of  the  hunian  race. 

With  these  ohservadons  I  conclude  this  rolume ;  entreating  the  in- 
dulgence of  the  geologist  for  much  prolixity  on  subjects  with  whidi 
he*was  already  familiar,  but  which  wfdiout  such  detail  would  haire 
presented  but  little  interest  Co  many;, and  assuring  the  gefieral  reader 
who  may  feel  desirous  of,  further  information,  that  the  more  he  be- 
come!^ acquainted' with  the  nature  and  objects  of  geological  enqumes, 
Chemor^  he  will  find  them  to  possess  in  an  eminent  degree  the  channs 
and  advantages  which  are  so  eloquently  described  by  Sir  John  Her- 
echel,  as  beirig  inseparably  connected  with  the  study  of  every  branch 
of  'natural  philosophy.  **  To  the  natural  philosophcB  Hbere  is  no  nat- 
ural object  unimportant  or  trifling. '  'From  the  least  of  nature's  worb 
be  may  learn' the  greatest  lessonsi  The  fall  of  an  apple  to  the  ground 
may  raise  his  thoughts  to  the  laws  which  govern  the  revolutions  of  the 
planets  in  their  orbits ;  or  the  situation  of  a  pebble  fHiay  afard  Ain 
evidi^ce  of  the  atdteof  the  globe  he  inhahit$^  myriads  of  ages  ago, 
before-  his  species  ^became  its  denizens.  Accustomed  to  trace  the 
operation  of  general  causes,  and  the  exemplification  of  general  laws, 
where  the  uninformed  and  unenquiring  eye  perceives  neither  novelty 
ftor  beauty^  he  Wallis  in  the  midst  of  wonders :  every  object  which 
frUs  in  his  way  elucidates  some  principle,  affords  some  instruction, 
and  impresses  him  with  a  sense  of  harmony  and  order ;  while  the  ob- 
servation of  the;  calm,  energetic  regularity  of  nature,  the  immense 
scale  of  her  operations,  and  the  certaitity  with  which  her  ends  are  at- 
tained, teihds,  iri>esistibly,  to  tranquillize  and  re-assure  the  Inind,  and 
^der  it 'less  accessible  to  repining,  Belfish  and  turbulent  emotion^. 
'And  this  it  does,  not  by  debasing  our  nature  into  weak  compliances 
and  abject  submission  to  circumstances,  bnt  by  filling  us,  as  from  an 
inward  spring,  with -a  sense  of  nobleness  and  power  which  enables  us 
to  rise  superior  to  them ;  by  showing  us  our  strength  and  innate  dig- 
nity, and  by  calling  upon  us  ^or  the  exercise  of  those  powers  |Lsd 
faculties  by  which  we  are  susceptible  of  the  comprehension  of  so 
much'greatness)  and  which  form,  as  it  were,  at  link  between  ourselves 
and  the  best  and  noblest  benefactors  of  our  species;  widi  whom  we 
hold  •oommunion  in  thoughts,  and  participate  in  discoveries,  which 
have  raised  them  above  their  fellow-mortals,  and  brou|[^t.tbeffl  nearer 
to  their  Creator.*'^ 


•  DiscoQPse  on  the  (^tudy  of  Natural  Philosophy,  p.  14-17. 
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IGNEOUS   FORMATIONS. 

h  Products  of  Active  Volcanos, 

It  is  sufficient,  for  the  purpose  of  our  present  argument,  simply  ta 
name  the  products  of  active  volcanos.  They  are  well  known ;  their 
causes  are  now  in  active  operation,  and  lava  heds  and  currents  are 
still  frequently  forming,  in  many  countries.  They  often  bear,  in  their 
very  texture  and  features,  palpable  marks  of  the  agency  of  fire,  and 
thus  they  inform  us,  in  very  intelligible  language,  that  they  are  indeed 
igmgenous :  even  when  these  features  are  not  distinctly  legible,  it 
often  happens  that  the  geographical  and  geological  position  of  the 
masses  does  not  permit  us  to  entertain  a  doubt  of  their  volcanic  ori- 
gin. We  observe  their  currents,  and  we  recognize  their  birth  f^om 
fire,  even  when  they  form  beds  of  solid  rock,  which  have  no  appear- 
ances of  scoriae,  pinders,  glass,  or  gaseous  inflation,  except,  perhaps, 
on  their  upper  surfaces.  No  one  doubts  that  volcanic  currents  over^ 
flow  whatever  lies  in  their  way,  and  therefore  we  find  them  covering, 
occasionally,  every  geological  formation,  and  every  work  of  man 
which  can  withstand  the  action  of  he&t. 

This  topic  was  sufliciently  illustrated  in  the  introductory  remarks, 
and  every  one  admits  (what  is  indeed  only  a  single  instance  of  a  gen- 
eral truth  in  geology)  that  the  superincumbent  mass  is,  generally,  of 
more  recent  origin  than  that  upon  which  it  lies.  The  evidence  pre- 
sedted  by  the  eruptions  of  active  volctoos,  and  the  igneous  formations 
which  they  produce,  goes  then  to  establish  the  truth  of  geological 
succession,  but  does  not  necessarily  imply  that  its  events  are  more 
ancient  than  the  commencement  of  organic  life.  This  remark^  is  lim- 
ited to  volcanos  strictly  so  called,  and  is  not  intended  to  include  the 
unstratified  rocks,  concerning  the  igneous  or  aqueous  origin  of  which, 
there  has  been,  heretofore,  much  discussion  and  opposition  of  opinion, 
although  they  are  now  generally  attributed  to  the  agency  of  heat 

2.  Products  of  Extinct  Volcanos, 

Much  philosophical  scepticism  formerly  existed  with  respect  to  ex- 
tinct volcanos.  They  were  vaguely  referred  to,  but  without  decisive 
proof  of  their  real  volcanic  origin ;  and  many  persons,  very  imper- 
fectly qualified  to  judge  of  such  questions,  were  sufficiently  inclined 
to  infer  the  existence  of  volcanos  of  former  ages,  wherever  they  saw 
a  conical  hill,  or  almost  any  hill,  with  a  hollow  on  its  summit ;  and 
porous  stones,  of  whatever  kind,  were  referred  to  a  similar  origin. 
It  was  a  very  imposing  and  sublime  idea,  that  vokanic  fire,  stiU  active 
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in  our  planet,  and  still  bursting  forth,  in  many  places,  with  dealrucUvt 
energy,  had«  in  times  long  past,  exerted  agencies  still  more  extensive — 
covering  provinces  with  ruins,  and  operating,  even  in  the  bed  of  the 
priQieval  oceans.  The  speculation  seemed  to  claim  quite  as  much  a^ 
finity  with  poetical,  as  with  philosophical  conceptions,  and  it  was  not 
till  the  middle  of  the  last  century,  that  the  subject  of  extinct  volcanos 
began  to  be  investigated  with  accuracy  and  skill. 

It  will  be  sufficient  to  name  the  much  disputed  country  of  Auvergne, 
Velay,  and  Yiverais,  in  France,  which  has  been  often  visited  and  ex- 
amiped  by  able  geologists,  and  we  believe,  that  within  a  few  years 
past, .  no  one  of  them  has  left  that  region,  without  being  convinced 
tha^.it  is  of  volcanic  origin.  This  district  lies  upon  the  river  Rhone, 
nearly  in  the  angle  formed  by  it  with  the  Mediterranean,  and  covers  a 
square  area  of  forty  or  fifty  leagues  in  diameter. 

Craters,  regularly  formed,  often  entire,  sometimes  with  the  thin  and 
scorified  edge  of  the  lip  in  fine  preservation,  and  occasionally  of  vast 
dimensions ;  here,  black,  rugged  and  scathed  with  fire — there,  over- 
grown with  trees,  and  there,  filled  with  water,  forming  lakes ;  cur- 
rents of  lava,  l3ring  where  they  flowed  from  the  crater,  or  where 
they  burst  from  the  side  or  foot  of  the  ruptured  mountain,  extend- 
ing many  miles,  and  many  .leagues,  traceable  directly  to  their  source, 
winding  along  the  gorges  and  the  sinuosities  of  the  vallies,  now  and 
then  diverted  from  their  course  by  rocks,  hills,  and  other  obstacles; 
sometimes  damming  up  rivers,  whose  beds  they  have  crossed  or 
obstructed,  and  thus  forming  lakes  of  considerable  dimensions ;  ex- 
hibiting all  the  varieties  of  lithoid  lava,  from  that  which  is  compact 
apd  rock-like,  to  that  which,  in  an  incipient,  or  in  a  prevailing  degree, 
is  porous  and  vesicular;  crowned  or  mixed  with  slag,  scorise,  pumice, 
olivine,  and  other  exuvis  of  known  and  active  volcanos ;  displaying 
frequently  a  structure,  now  spherical,  ovoidal  and  concentric ;  now 
prismatic  and  columnar,  and  fronting  streams,  and  bounding  valleys, 
with  ranges  of  columns,  equalling  or  rivalling  the  regularity  of  the 
famous  colonnades  of  Fingal's  Cave  and  the  Giant's  Cause^v^ay;  these 
are.  a  few  of  the  most  striking  features  of  these  countries,  which  are 
80  affluent  in  proofs  of  igneous  origin,  that  there  is  nothing  needed, 
but  to  select,  carefully  and  judiciously,  those  facts  which  will  be  the 
most  decisive,  especially  with  respect  to  minds  not  familiar  with  such 
contemplations. 

The  volcanos  of  the  Auvergne,  &c.  are  regarded  as  of  diflerent 
ages ;  some  appear  to  have  been  active  before  the  formation  of  the 
present  valleys,  and  some  since ;  where  the  currents  of  lava  hace 
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hten  cut  through,  by  those  causes  which  formed  the  present  valleys, 
they  are  then  obviously  older  than  the  valleys,  and  where  these  cur- 
rents have  flowed  into  valleys,  beds  of  rivers,  6lc.  they  are  asevi- 
denily  of  a  more  recent  date. 

Although  the  formation  of  these  volcanic  regions  was  anterior  to 
the  records  of  history,  it  was,  evidently,  in  the  most  recent  portions, 
posterior  to  the  existence  of  organized  beings,  which  are  found  im- 
bedded in  the  volcanic  tufa. 

The  recent  researches  of  Humboldt,  <«  have  greatly  extended  our 
lpM>wledge  of  the  volcanic  tracts  of  our  globe ;  he  has  shown  the 
whole  country  round  the  Caspian  to  be  a  vast  district  of  this  nature, 
«  **pays  cratere,"  exactly  resembling,  in  its  general  outlines,  the  tele- 
scopic appearance  of  the  moon ;  he  has  also  pointed  out  another  great 
«eat  of  volcanic  action,  the  chain  of  Thion  Chou,  south  of  the  Altai, 
and  running  about  42^  lat.  N.  and  between  70^  and  80^  long.  E.  of 
London.  This  vast  ignigenous  district  extends  over  two  thousand 
£ye  hundred  square  leagues,  and  being  generally  remote  from  every 
sea,  shows  that  marine  contiguity,  although  a  common,  is  by  no  means 
an  indispensable  concomitant  of  volcanic  action.*'* 

For  our  purpose,  it  is  not  necessary  to  go  any  farther  into  detail, 
with  respect  to  this  class  of  rocks.  AH  that  is  true  of  modem' erup- 
tions from  active  volcanos,  considered  as  proofs  of  succession  in  geo- 
logical events,  is  true  in  the  present  case.  Every  thing  was  occasion- 
ally covered  by  the  currents  that  issued  from  the  ancient  volcanos,  and 
there  is  no  reason  to  doubt,  that,  as  happens  in  connexion  with  mod- 
em volcanic  convulsions,  destractive  earthquakes  preceded  and  attend- 
ed their  eruptions. 

It  is  not  OUT  purpose,  on  this  occasion,  to  enter  into  the  considera- 
tion of  the  theory  of  volcanos.  It  is  undoubtedly  obscure,  and  at^ 
tended  with  many  difficulties,  especially  in  the  extent  to  which  the 
view  of  igneous  action  is  carried  by  most  of  the  geologists  of  the 
present  day.  **  It  is  impossible,  (says  Conybeare,)  to  proppse,  as  ex- 
planatory of  volcanic  phenomena,  any  probable  theory,  which  does 
not,  at  the  same  time,  embrace  the  entire  structure  of  the  globe,  in 
all  its  generality .''t 

3.  Ancient  Rocks  of  Igneous  Origin. 

With  l-espect  to  the  extent  of  this  class  of  rocks,  there  has  been 
great  diversity  of  opinion. 

•  Discourse  of  Prof.  Conybeare  on  Geology,  at  Oxford  University,  1833. 
t  Discourse  at  Oxford,  isisd. 
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Trap*  porphyry,  and  pitchstone,  have  long  been  consigned  oyer  to 
an  igneous  origin,  and  as  there  is  no  longer  any  difference  of  opinioD 
on  this  subject,  it  is  not  necessary  here  to  enter  into  the  discussion.* 
Nor  is  it  important  to  our  argument,  to  adduce  the  proofs  in  isror 
of  the  extension  of  the  agency  of  fire,  to  the  formation  even  of  gran- 
ite itself,  with  all  its  family  of  rocks.  The  igneous  origin  of  granite 
is  now  generally,  although  not  universally,  admitted.  It  is,  howevert 
of  no  importance  to  this  discussion,  whether  granite,  as  well  as  the 
other  unstratified  rocks,  is  of  aqueous  or  igneous  origin,  since  the 
proofs  of  geological  succession,  which  is  all  that  our  argument  re* 
quires,  are,  in  either  case,  sufficiently  decisive. 

The  intrusion  of  the  rocks  supposed  to  be  of  igneous  origin,  among 
those  that  are  superincumbent,  producing  dykes  and  veins,  often 
much  ramified;  the  elevation  and  disruption  of  the  upper  stnto; 
the  confusion  often  induced,  among  them ;  the  chemical  changes  pro- 
duced upon  the  contiguous  masses,  and  the  profuse  and  rich  crystalli- 
zation of  many  of  the  primitive  rocks,  both  in  the  minerals  proper  to 
their  constitution,  and  in  those  foreign  ones  which  they  contain  im- 
bedded :  all  these  afford  decisive  proofs  of  geological  order,  event, 
succession,  and  time  sufficient  for  the  phenomena. 

Crystallization  in  Rocks. 

No  person  in  the  least  acquainted  with  the  subject,  hesitates  to  ad« 
tnit  that  crystallization  implies  a  previous  state  of  corpuscular  mobili- 
ty either  in  fiuid,  in  fusion,  in  vapor,  or  at  least  in  a  state  of  wftsess 
and  diminished  cohesion.  Although  crystallization  is  not  confined  to 
any  one  geological  period,  it  is  eminently  conspicuous  in  the  primi- 
tive rocks. 

They  present  to  the  eye  of  one  who  has  been  accustomed  to  ex- 
amine the  results  of  chemical  deposition,  very  decisive  proo&  that 
their  particles  have  been  in  that  state  of  mohilityj  which  leaves  them 
at  liberty,  to  unite  according  to  the  laws  of  corpuscular  attraction*, 
the  heterogeneous  particles  being  connected  by  chemical,  and  the  ho- 
mogeneous by  mechanical  attraction.  Thus  in  feldspar,  (if  we  in- 
clude both  its  necessary  and  occasional  constituents)  oxygen  is  an  el- 
ement  in  all  the  binary  compounds  that  enter  into  its  constitation; 
in  the  silex  it  is  united  to  silicon;  in  the  potassa  to  potassium;  in 


♦  For  a  view  of  this  subject,  the  reader  is  referred  to  Dr.  Cooper's  lecture,  in  the 
fourth  volume  of  the  American  Journal  of  Science. 
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(he  soda  to  sodium ;  in  the  lime  to  calcium,  and  in  the  usual  con* 
taminating  oxide,  to  iron.  Supposing  these  to  be/  the  ultimate  ele« 
ments  of  the  mineral,  the  proximate  principles  would  be  produced^ 
first  by  their  uniting,  chemically,  to  form  these  binary  compounds; 
which  would  still  farther  unite,  but  still  chemically,  to  form  the  inte* 
grant  particles  of  the  mineral  and  these  particles  united  mechanically 
by  cohesion,  would  form  the  mineral  itself. 

The  same  reasoning  may  be  applied  to  erery  variety  of  rocks  aRd 
minerals.  Ximestone,  consisting  for  its  immediate  principles,  of  lime 
carbonic  acid  and  water,*  contains,  for  its  ultimate  elements,  accord* 
ing  to  the  present  state  of  our  knowledge,  calcium,  carbon,  hydrogen 
and  oxygen ;  the  latter  principle  being  united  with  each  of  the  former 
ones,  so  as  to  produce  the  lime,  (oxygen  and  calcium,)  the  carbonic 
acid,  (carbon  and  oxygen,)  and  the  water,  (oxygen  and  hydrogen.) 
If  the  limestone  were  a  magnesian  one,  then  we  must  add  oxygen 
and  magnesium,  and  so  of  other  earths,  as  silex  or  alumine,  if  they 
were  present. 

How  for  back,  and  how  near  to  the  isolated,  independent  state^  we 
are  to  trace  each  element,  we  cannot'  determine.  Whether  th*e  ele- 
ments were  created,  in  the  first  place,  in  a  state  of  perfect  freedom* 
and  their  earliest  movement  was,  not  so  much,  that  of  elemental  war* 
as  of  elemental  combination ;  or  whether,  they  were  combined  lA 
pairs,  and  those  pairs  again  combined,  to  form  more  complex  results 
we  can  never  know  with  certainty ;  and  all  our  suggestions  on  this 
subject  being  necessarily  hypothetical,  ought  of  course  to  be  concisely 
stated. 

But  the  discussion  of  these  questions,  which  might  easily  be  extend- 
ed to  the  most  complex  rocks,  and  to  all  their  imbedded  minerals* 
however  curious  and  even  interesting,  is  in  no  way  material  to  otir 
proceeding  to  reason  intelligibly — may  we  not  say  even  conclusively, 
upon  the  act  or  process,  which  must,  according  to  physical  laws,  have 
preceded  the  concretion  of  the  materials  of  the  primitive  rocks. 

Suppose  the  elements  which  are  to  form  granite,  to  have  alresdy 

• 

united,  and  a  previous  state  of  chemical  mobility,  to  have  rendered 
such  a  result  possible,  a  simultaneous  deposition  of  the  different  min- 
erals nkust  of  course  happen ;  the  quartzy  particles  must  find  their 
fellows,  those  of  feldspar  will  do  the  same,  and  those  of  mica  the 
same,  and  the  three  minerals,  born  at  the  same  moment,  will  find  re- 
pose in  the  same  cradle.  In  the  same  manner,  their  omamenuil  com- 
panions, (not  essential  to  the  rock,  but  often  studding  it,  like  gems  set 
in  royal  robes) — the  emeralds,  the  topazes,  the  garnets,  the  tourma- 
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lines  and  other  crystallized  minerals  which  sparkle  in  the  bosom  of 
the  primitive  rocks  declare  a  common  birth.* 

True  it  is,  that  creative  power  would  call  the  rocks  into  being;, 
without  anj  arranging  process  in  their  parts,  but  no  analogy  covnte" 
nances  the  truth  of  such  a  supposition,  and  neither  moral  nor  physi- 
cal  reasons  oblige  us  to  admit  so  improbable  a  supposition. 

Who  has  contemplated  the  stupendous  garnets  of  Fahhin — ^tbs 
equally  gigantic  quartz  and  felspar  crystals  of  the  Alps — ^the  more 
delicate  emeralds  of  Brazil  and  Ethiopia — the  variously  colored  tour- 
malines of  Chesterfield,  and  Goshen,  Mass.',  and  of  Paris  in  Haios 
— the  fluor  and  calcareotis  spars  of  Derbyshire  and  Cumberland — th« 
idocrases  of  Yeauvius,  and  the  rubies  and  sapphires  of  Ceylon  ud 
other  regions  of  India,  the  bubbles  of  air  included  with  water  and 
other  fluids  in  quartz — the  fibres  of  amianthus — ^the  crystals  of  titaai* 
nm-^the  filaments  of  native  copper  and  silver  shut  up  in  the  same 
mineral — the  successive  crystallizations  of  galena — sulphate  of  bary- 
tes — calcareous  spar — quartz  and  fluor  spar,  often  included  in  the 
eame  group— the  eplendid  amethystine  and  other  geodes — ^little  grot- 
ioies  Uhed  with  polished  and  beautiful  geometrical  figures — ^who  hats 
fleen  all  these  things — the  ornaments  of  our  cabinets,  and  has  doubted 
that  they  were  as  truly  the  results  of  crystallization,  as  any  of  the 
products  of  art,  which  are  formed  in  our  laboratories  ? 

Crystallization  is  indeed  not  exclusively  the  attribute  of  primitive 
regions ;  but  in. such  regions  it  is  eminently  conspicuous,  and  if  we 
find  crystals  in  the  productions  of  every  geological  age,  we  are  thus 
furnished  with  proof,  that  these  agencies  continued  to  operate,  al- 
though with  less  firequency  and  energy,  through  all  succeeding  peri- 
ods, and  that  they  have  not  ceased  even  in  our  own  time«,t  for  mine- 
rill  crystals  are,  every  moment  forming  around  us. 


*  Prof.  Hitchcock,  in  his  geology  of  Massachusetts,  considers  the  simultaneois 
and  mixed  crystallization  of  the  different  minerals  in  granite,  as  afibrding  decisive 
proof  of  its  igneous  origin,  since,  as  he  avers,  aqueous  solutions  of  different  sub- 
stances crystallize,  always  successively,  and  never  in  promiscuoos  confosion. 

t  I  have  obtained  crystals  of  calcareous  spar--of  sulphate  of  barytesandof 
sulphate  of  lime  and  some  of  them  repeatedly  as  accidental  results  in  chemical 
processes :  I  have  seen  ^ven  quartz  crystals  form  rapidly  under  my  eye,  and  otheis 
have  cited  them  as  slowly  produced  with  regularity  and  beauty,  from  the  fluoric 
solution  of  silex.  Crystals  of  pyroxene — specular  iron,  titanium  and  other  mine- 
rals have  been  produced  by  volcanic  and  furnace  heat ;  more  than  forty  species  of 
minerals  have  been  observed  in  the  slags  of  furnaces,  and  white  pyroxene  has  beea 
produced  by  the  action  of  fire  upon  the  constituents  of  this  mineral,  and  after  fu- 
sion, it  has  re-crystallized,  in  the  same  form. — Am.  Jour.  Vol.  10.  p.  190. 
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Still  DO  one  finds  in  the  upper  secondary  rocks — i 
tertiarf ,  the  numerous  and  grand  crystals  that  are 
primitiTet  and  even  to  a  degree  in  the  transition  and 
formations,  nor  does  any  one  look  for  those  grand  crysl 
/ovrt  a  erisUtuSi  as  they  have  been  fancifully  called/  except  in  tbo 
ancient  mountains,  and  in  the  reins  and  beds  by  which  they  i|re  in- 
tersected. 

No  person  who  has  been  conversant  with  chemical  effects  cap  easily 
confound  them  with  those  of  mere  meclianical  deposition.  Take  a 
piece  of  the  most  beautiful  granite— -its  quavtz  is  translucent  if  no! 
transparent — its  feldspar  is  foliated  in  structure,  presenting  two  regu* 
lar  cleavage  planes,  united  at  definite  angles — ^its  mica  is  perfectly  fo- 
liated, and  splits  into  innumerable  thin  laminae,  each  of  which,  is  per- 
fectly transparent  and  has  a  high  lustre,  and  this  last  property  is  <;om- 
mon  (sometimes  in  a  less  degree,)  to  the  quartz  and  the  feldspar* 
Gneiss  and  mica  slate  and  saccharoidal  limestone  are  distinguished,  in 
a  greater  or  less  degree  by  similar  characteristics.  Now,  translncen- 
cy — transparency — lustre — ^cleavage-planes,  and  regular  structure^ 
are  known  and  established  results  of  chemical  deposition  and  are 
never  the  effect  of  mechanical  aggregation.  Compare  the  above 
properties,  with  those  found  in  a  piece  of  clay,  and  no  person,  how- 
ever unskilled  in  physical  characteristics,  can  possibly  attribute  them 
to  a  similar  origin.  The  latter  has  as  obviously  sprvng  from  me- 
chanical as  the  former  from  chemical  laws ; — mechanical  suspension 
must  have  preceded  the  one,  and  solution,  fusion  or  sublimation  the 
other. 

Crystallization  is  the  most  exalted  agency  of  the  mineral  kingdom 
and  it  answers  to  organization  in  the  animal  and  vegetable.  It  results 
in  the  production  of  regular  solids-soften  of  beautiful  figures,  bound- 
ed almost  always,  by  plane  faces,  which  constitute  the  outline  of  beau- 
ty in  the  mineral  kingdom,  as  the  curve  line  does  in  the  organized  king- 
doms.— Ha4iy» 

Proximate  Causes  of  Crystallization  in  the  Earth. 

Of  the  original  state  of  the  materials  of  our  planet,  as  first  formed 
by  the  Creator,  we  know  nothing.  It  is,  however,  in  the  highest  de- 
gree improbable,  that  the  innumerable  crystals  of  so  many  different 
substances  and  forms,  which  we  find  in  the  earth  were  originally  crea- 


*  Fatrin*s  mineralogical  travels. 
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led  as  we  now  see  them.  Ciystallization  hj  natural  laws  is  constant- 
ly going  on  aronnd  ns  and  we  can  at  pleasure,  form  crystab  of  many 
substances ;  in  some  cases,  we  produce  those  Ihat  never  have  been  dis- 
covered in  nature,  and  in  others  we  can  surpass  them  in  size  and  beau- 
ty. Although,  as  already  remarked,  it  is  possible  that  crystals  night 
hare  been  the  first  forms  of  mineral  matter,  it  is  in  the  highest  de- 
gree improbable ;  it  is  far  more  reasonable  and  philosophical  to  admit 
that  wherever  we  find  a  crystal  in  the  earth,  it  has  been  formed  by  the 
laws  of  crystallization  operating  upon  the  crude  materials  and  there 
is  no  reason  to  doubt  that  we  could  always  imitate  natural  ciystais, 
provided  we  could  command  the  powers  and  ciremnstances  which  ope- 
rated in  the  original  crystallization  of  mineral  bodies.  la  all  the 
geological  epochs,  aAer  the  primitive,  there  is  decisive  evidence  of 
great  mechanical  changes,*  operating  first  on  the  primitive  rocks,  to 
produce  the  materials  for  the  derivative  rocks,  which  often  exhibit 
unquestionable  proofs  of  mechanical  destruction  and  mechanical  fonn- 
ation ;  in  a  word,  of  changes  from  the  pristine  state  of  the  matemli 
in  the  primitive  rdcks,  greater  than  crystallization  implies  in  rdatioa 
to  the  conatitoent  or  integrant  particles,  which  we  may  presume  to 
have  been  originally  created. 

As  to  the  proximate  causes  of  crystallization  among  mineials  it 
can  be  referred  only  to  two  agents,  heat  and  eolation.  The  only  pow- 
ers with  whidi  we  are  acquainted,  that  are  at  all  equal  to  the  effect, 
are  water,  and  fire,  aided  by  various  acid,  alkaKne,  saline,  and  other 
energetic  chemical  agents,  which,  in  large  quantities,  we  now  find 
actually  entering  into  the  constitution  of  the  rocks,  and  which  were 
therefore  originally  provided  in  the  grand  store-house  of  created  ma- 
terials. 

The  solution  theory,  once  almost  universally  prevalent,  has  now 
given  way  to  the  igneous,  which  not  stopping  with  actual  or  extinct 
volcano^  or  with  trap,  porphyry  or  pitchstone,  has  taken  possess- 
ion of  the  granite  mountains  and  of  the  very  centre  of  the  earth. 
Xt  undoubtedly  explains  with  great  felicity,  the  appearances  of  gran- 
ite veins  and  of  many  other  phenomena,  although  neither  the  igneous 
nor  any  other  theory  has  explained  every  feature  of  the  pknet 

It  is  allowed  by  nearly  all  geologists,  that  the  ocean  has  for  a  losg 

time  occupied  all  countries.    It  is  now  evident  also,  that  ignition 

and  fusion  have  always  existed  in  the  earth  on  a  great  scale,  and  this 

1- '  ■  '    '■        ■       ■■'"    ■         ■       ■  -  ■        — — 

*  Among  the  primitlre  rockSj  mechanical  force  is  exhibited  in  fractures,  eleva- 
tions, &c. 
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is  admitted  by  all  whether  they  belieye  in  the  fusion  of  the  central 
nucleiM  or  not..  Internal  fire  stiU  prevails  to  a  great  extent  in  the  in* 
terior  Of  oor  planet,  and  its  effects  cippear  to  have  been  the  greatest, 
and  the  most  extensive  in  the  earliest  periods.  Volcanic  mountains 
and  itdands  are  known  to  have  risen,  even  in  modern  times,  from  the 
bosom  of  the  ocean  and  blands  are  still  existing  where  in  former 
ages  the  sea  raged  uncontrolled.  The  sub-marine  volcanos  also  oc- 
casionally project  flames,  smoke,  and  red*hot  stones  through  the  ocean, 
and  thus  inform  us,  that  water  cannot  always  subdue  fire,  that  even 
now,  there  are  strata,  at  the  bottom  of  the  sea,  where  extreme  igni* 
tion  and  extreme  hydrostatic  pressure,  operate  conjointly,  upon  the 
firm  materials ;  and  that  both,^  aided  by  the  principal  chemical  agents 
which  we  know  to  exist  in  the  constitution  of  our  globe,  may  unite  to 
produce  results  of  which  our  trifling  experiments  can  givo  us  but  a 
feeble  conception.  An  attempt,  for  instance,  to  dissolve  grtoiite  by 
hoiliDg  it  in  water  is  jast  as  rational  as  an  attempt  to  melt  it  in  a  com* 
mon  fire ;  neither  experiment  can  possibly  succeed ;  but  the  ibrmex 
would  not  prove  that,  granite  was  neyer  dissolved  nor  the  latter,  that 
granite  was  never  melted ;  because,  the  circumstances  which  may  have 
operated  in  the  interior  of  the  earth  are  not  under  our  control  and  our 
experiments  are  therefore  nugatory. 

lo  volcanic  countries,  silex  is  certainly  dissolved  by  hot  alkaline 
water  under  great  hydrostatic  and  steam  pressure,  and  granite  is  as 
certainly  melted  in  the  intense  heat  of  deep  seated  fire.* 

We  should  accept  with  equal  readiness  the  aid  of  fire  or  water,  of 
other  agents,  as  they  may  appear  best  adapted  to  explain  a  given  ef* 
feet,  and  we  should  not  hesitate  to  call  in  all  the  great  natural  powers 
whether  mechanical  or  chemical,  as  there  may  be  occasion.'  ' 

There  is  no  doubt  that  fire  and  water  and  other  vpowerfol  chetan- 
ical  agents  have  operated  in  all  ages  in  producing  mineral  crystallize* 
tion.  Of  these  however,  fire  appears  to  have  been  by  far  the  HM>st 
active,  and  although  it  is  not  proved  by  actual  experiment,  or  even 
by  rigorous  observation,  there  is  every  reason  to  admit  that  eveik 
granite  has  been  melted  in  the  bowels  qf  the  earth  and  therefore  may 
crystallize  from  a  state  of  igneous  fusion.  If  this  be  true  of  the  prop* 
er  crystals  of  granite,  it  may  be  also  true  of  the  imbedded  trystals 
which  it  contains,  and  therefore  of  all  othqr  crystals.    Those  wbieh 


*  It  appears  now  to  be  generally  conceded,  agreieably  to  the  condusioDs  of  Cor- 
dier,  that  thetemperatare  of  the  earth  increased  as  we  descend'.  Sources  of  er- 
ror have  been  indeed  pointed  out,  but  they  appear  to  be  local  and  accidental. 
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contain  much  water  of  crystallisation  may  present  a  serious  diffierityv 
but^perhaps  pressure  may  have  retained  the  water  and  as  the  parts 
of  the  mineral  concreted,  in  cooling,  the  molecules  of  water  may  hare 
taken  their  place  in  the  regular  solid.  Still  we  can  see  no  reason  for 
excluding  water  and  other  dissolving  agents,  acting  with  intense  ener- 
gy under  vast  pressure  and  at  the  heat  of  even  high  ignition,  from 
playing  a  very  important  part  in  crystallization. 

If  we  give  granite  to  igneous  fusion  it  is  hardly  possible  to  avoid 
admitting  the  conjoined  action  of  water  on  the  crystallized  slaty  rocb 
thi^t  usually  cover  it 

Nature  ahd  Application  of  the  Argument 

It  is  we  trust  obvipus  tfiat  we  have  been  occupied,  not  in  the  sop* 
perfluous  labor,  of  giving  a  complete  system,  but  in  selecting  from 
the  great  store  house  of  nature,  a  few  facta  taken  from  the  prineiptl 
geological  classes  and  epochs,  to  evipce  that  our  planet,  before  it  wa? 
inhabited  by  man,  was  subjected  to  a  long  course  of  formation  and  ar- 
r&ngementy  the  object  of  which  evidently  was,  to  fit  it  for  the  recep- 
tion^ firs^  of  plants  and  animals,  and  finally  of  the  human  race. 

In  that  remote  period  of  n^hich  he  ^ho  recorded  the  fact  probably 
knew  not  the  date  : — In  the  beginning  God  created  the  heavens  and 
.the  earth,  and  established  the  physical  laws,  the  ordinances  of  heaven, 
by  which  4he  material  world  was  to  be  governed. 

The  ^rliest  condition  of  the  surface  of  the  planet,  appears  to  have 
been  that  of  a  daA  abyss  of  waters  of  unknown  depth  and  continu- 
ance, which  repressed  the  deep  seated  forces  of  internal  fires. 

.Th^  struc,ture  of  the  crust  of  the  planet  affords  decisive  evidence  of 
a  long  series  of  eventg,  in  relation  both  to  the  formation  of  rocks,  and 
to  ihe  creation  and  succession  of  organized  bodies,  of  which  many  of 
them  contain  such  astonishing  quantities. 

Time  and  order  of' time ;  event,  succession  and  revolution  are  plain- 
ly r^cordtd  iri  the  earth ;  and  sacred  history  expressly  states  that  the 
events  involved  both  time  and  order  of  time. 

Geology  cannot  decide  on  the  an^ount  of  time,  but  it  assures  us 
that  there  was  enough  to  cover  all  the  events  connected  with  the  for- 
mation of  the  mineral  majsses,  and  with  the  succession  of  the  genera- 
tions of  living  beings,  whose  remains  are  found,  preserved  in  the 
strata. 

'  It  is  obvious  that  ages  must  have  passed,  while  the  various  geolo- 
gical events,  which  are  recorded  in  the  structure  of  the  earth,  were 
happening,  and  particularly  while  the  innumerable  organic  forms, 
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•Aer  dieir  creatioiiy  were  in4he  coime  of  reproduction,  life^  de^th, 
depoflitioDy  consolidation*  and  preienration» 

We  will  not  enquire  whether  almighty  power  inserted  plants  and  ani- 
mals in  mineral  masses,  and  was  thus  exerted  in  working  a  long  series 
of  useless  miracles^  without  design  or  end,  and  therefore  incredible. 
The  man  who  can  believe,  for  example,  that  the  Iguanodon,  with  liia 
gigantic  form,  seventy  feet  in  length,  ten  in  height,  and  fifteen  in  girth, 
was  created  ia  the  midst  of  consolidated  sandstone,  and  placed  down 
one  thousand  or  twelve  hundred  feet  from  the  surface  of  the  earth,  in 
«  rock  composed  of  ruins  and  fragments,  and  containing  vegetables, 
thcAls,  fish,  and  rolled  pebbles ;  such  a  man  can  believe  any  thing, 
with  or  without  evidence.  If  there  are  any  such  persons,  we  must 
leave  them  to  their  own  reflections,  since  they  cannot  be  influenced 
by  reason  and  sound  argument  v  with  them  we  can  sustain  no  discuss- 
ion* for  there  is  no  common  ground  upon. which  we  can  meet 

The  order  of  the  physical  events,  discovered  by  geology,  is  the 
same  as  that  recorded  by  the  sacred  historian ;  that  is»  as  far  as  the 
latter  has  gone,  for  it  was,  evidently,  no  part  of  his  object  to  enter 
any  fikrther  into  details,  than  to  state  that  the  world  was  the  work  of 
God,  and  thus  he  was  naturally  led  to  mention  the  principal  divisions 
of  natural  things*  as  they  were  successively  created. 

The  Bible  is  not  a  book  of  physical  science,  and  its  allusions  to 
physical  subjects  are,  in  the  main,  adapted  to  common  apprehensions. 
Still,  the  creation  and  the  dehige,  although  they  have  a  momeAtous 
moral  bearing,  are,  in  their  nature^  entirely  |4iysicaL  Why  should 
any  one  refiise  to  attend  to  a  history  of  these  two  stupendous  events,- 
merely  because  that  history  professes  to  have  proceeded  from  the  same 
author  as  the  work  itself;  and  why  should  we  suppose  that  the  b^ef 
notices  of  the  great  physical  facts,  connected  with  a  phyaical'^creation 
and  a  physical  destructianf  are  not  correctly  stated,  in  this  earliest 
and  most  venerable  of  histories  ? 

If  aH  our  discoveries  regarding  the  surface  and  the  interior  of  the 
planet  tend,  when  properly  understood,  to  cbnfirm  the  credibility  of 
botli  these  events,  and  to  enable  us  to  discriminate  between  the  cir- 
cumstances and  evidence  which  belong  to  them  respectively' — ^what 
moral  consideration  ci^n,  in  this  case,  forbid  a  happy  application'  of 
the  discoveries  of  science,  and  why  should  science  refuse  to  lend  its 
aid  to'  the  support  of  moral  truth ! 

The  question  then  recurs ; — ^how  can  the  amount  of  time  be  found, 
consistently  with  the  Mosaic  history,  for  the  order  of  time  is  the  same. 
The  solution  of  this  difficulty  has  beeh  attempted  ii^  the  following 
modes. 
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1.  Th£  present  earth  was  formed  from  the  ruins  andfragmeTttsof 
en  earlier  uborldj  re-arranged  and  set  in  order  during  the  six  day9 
of  the  creation. 

This^xplanation  has  been  given  by  men  of  powerful  minds — strong- 
ly impressed  with  the  overwhelming  evidence  which  the  earth  presents 
of  innumerable  ev^iUs,  and  of  progressive  development  through  sne- 
cessive  ages.  It  therefore  hone9tl7  meets  the  difficulty,  and  fully 
grants  the  necessity  of  allowing  sofficient  time  for  the  series  of  geo- 
logical foripations.  It  is,  however,  unsatisfactory ;  because  it  does 
not  provide,  at  all  for  the  regular  successions  of  entombed  animal 
«|id  vegetable  races,  and  for  the  progressive  consolidatioot  often  in 
long  continued  tranquillity,  of  the  strata  which  are  fprmed  around 
the  organic  bodies,  and  also  for  the  numerous  alternations  and  repeti- 
tions of  these  strata,  frequently,  as*  in  the  coal  fields,  in  a  regular  or- 
der. All  this  demands  time,  and  seasons  of  protracted  repose,  inter- 
rupted indeed  by.  occasional  elevations,  subsidences,  an(}  other  con- 
vulsions and  catastrophes.  Ill  ordei:  that  the  solution  above  stated 
may  prove  satisfactory,  it  is  necessary  that  the  earth  should  be,  what 
it  actually  is  not,  a  confused  pile  of  ruins^  n^ot  only  of  loose  fragments, 
audi  as  arc  now  found  on  its  surface,  but  they  must  be  consolidated, 
to  form  all  its  mountains  and  strata.  Ruins,  the  mountains  and  strata 
do  indeed/  in  many  places,  contain,  but  they  form  only  a  portion  of  a 
vast  structure,  in  which  ruins  have  no  part 

Thei  ear^l^  is  unlike  Memphis,  Thebes,  Persepolis,  Babylon,  Balbec 
or  Palmyra,  which  present  merely  confused  and  mutilated  masses  of 
colossal  and  beautiful  architecture,  answering  ne  purpose,  exeept  to 
.  gratify  .curiosity,  and  to  awaken  a  sublime  a&d  pathetic  moral  feel- 
ing;— ^it  is,  rather,  like  modern  Rome,  replete  indeed  with  the  ruins  of 
the  ancient  city,  in  part  rearranged  for  purposes  of  utility  and  orna- 
ment, but  also  covered  by  the  regular,  and  perfect  constructions  of 
subsequent  centuries. 

This  theory,  if  it  provide  at  all  for  the  primitive  rocks,  must  assign 
their  crystallization  and  consolidation  to  a  period  of  indefinite  geolo- 
gical antiquity,  and  it^ust  also  admit  that  they  have  undergone  more 
recent  modifications,  particularly  in  being  upheaved  by  subterranean 
force,  and  ihus  elevating,  not  only  themselves,  but  the  superincumbent 
strata. 

The  hypothesis  hast  however,  great  merit,-  inasmuch  as  it  admits,  in 
the  long-'gone-by  ages,  of  just  such'events  and  successions  as  geology 
has  proved  to  have  taken  place ;  but  it  adds  a  general  catastrophe, 
which  has  not  happened,  and  it  implies  a  reconstruction  of  the  cnst 
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of  the  planet,  entirely  iHii  of  he*  own  rniii;!,  a  tupporitioB  which  is  in- 
confibtent  with  the  tftate  of  facts.    <    ,  -      .. 

2.  7%6  present  crust  of  the  plfl/net  has  been  regulatly  formed  l^ 
tweeii  ike  first  creation  ^^  in  the  beginningr^*  and  the  commencement 
of  the  first  day. 

It  .appears  to  be  admitted  by  critics,  that  the  period  alluded  to  in 
the  first  Terse  of  Genesist  "in  the  beginning,"  is  not  necessarily  con- 
nected with  the  first  day.  It  may  therefore  be  regarded  bs  standing 
by  itseli^  and  as  it  is  not  limited,  it  admits  of  any  extension  backward 
in  time  which  the  facts  may  require.! 

By  asserting  that  there  was  a  beginning,  it  is  declared  that  the  world 
is  not  eternal,  and  the  declaration  that  God.  madeNtbe  heavens  and  the 
earth,  is  a  l)ar,  equally,  against  atheism  and  materialism.  The  world 
was,  therefore,  made  in  time  by  the  omnipotent  Creator.^ 

The  creation  of  the  planet  was  no  doubt  instantaneous,  as  regards 
the  materials,  but  the  arrangement,  at  least  of  the  crust,  waa  gradual. 
As  a  subject  either  of  moral  or  physical  contemplation,  we  can  say 
nothing  better,  than  that  it  was  the  good  ^pleasure  of  God  that  this 
world  should  be  called  into  existence ;  btft,  it  was  also  his  pleasure, 
that  the  arrangement,  by  which  it  was  to  become  a  fit  habitation  for- 
man,  should  be  progressive. 

Tliis  is  in  strict  analogy  with  the  regular  course  of  things  in  the 
physical,  moral  and  intellectual  world.  Every  thing,  except  €rod,.has 
a  beginning,  and  every  thing  else  is  progressive.    The  human  -mind, 


*  *^Of  oldf  hast  thou  laid  the  foundation  of  the  earth,  and  the  heavens  are  the  • 
work  of  thy  hands."   Ps.  cii.  25.    "  And  thou,  Lord,  in  the  beginning^  hast  laid 
the  foundation  of  the  earth."  Heb.  i.  10.  '  " 

t  "This  statement  appears  to  be  entirely  distinct  from  all  that  follows."— if^.  M. 
i&ggins^  F.  G.  S.;  the  Mosaic  and  Mineral  Cfeologies:  London^  1833: 

"  In  this  view  I  find  no  difficulties,  either  as  a  dime  or  a  philosopher."— Prtva(e 
C4frre8pandence  of  the  Editor  with  an  eminent  biblical  critic  and  divine,. 

Dr.  Chalmers  says — "  Does  Moses  ever  say,  that  when  God  created  the  heavens 
and  the  earth,  he  did  more,  at  the  time  alluded  to,  than  transform  theni  oat  ofpre- 
Tiously  existing  materials  1  Or  does  he  £ver  say,  that  there  was^  not  atf  interval  q^ 
many  ages  betwixt  the  first  act  of  creation,  described  in  the  first  verse  of  the  book 
of  Genesis,  and  said  to  have  been  performed  in  tl^e  beginning,  and  those  more  de^ 
tailed  operations,  the  account  of  which  commences  at  the  second  verse,  and  whi<;h 
are  described  to  us  as  having  been  performed  in  so  many  days  1  Or,  finally,  does 
he  ever  make  us  understand,  that  the  generatiqns  of  man  went  further  than  to  fix 
the  antiquity  of  the  species,  and  of  consequence  that  they  left*  the  antiquity  of  the 
globe  a  free  subject  fior  the  speculations  of  philosophers." — Evid.  ChrisL  Rev,  in 
Edin.  Encyc, 
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ibe  bodily  powers,  the  inception  and  growth  of  the  animal  and  vegeU- 
ble  races,  the  seasons,  seed  tiikie  and  harvest,  science  and  arts,  wealth, 
ciniization,  naUolial  power  and  character,  and  a  thousand  things  more, 
evince,  that  progression  is  stamped  upon  every  thing,  and  that  nothing 
reaches  its  perfection  hy  a  single  leap. 

The  gradual  preparation  of  this  planet  for  its  ultimate  destination, 
presents  therefore  no  anomaly,  and  need  not  excite  our  surprise. 

It  is  of  no  importance  to  us,  whether  our  home  was  in  a  course  of 
preparation,  during  days  or  ages,  for  the  moral  dispensations  of  God 
to  man  could  not  begin  until  his  creation. 

The  abyss  of  waters  which  cfzisted  at  an  early  unknown  period,  be- 
fore the  time  of  the  final  arrangement  of  the  surface,  which  preceded 
the  creation  of  man,  and  continued,  we  may  suppose,  for  an  unlimited 
time,  is  just  such  a  state  of  things,  in  coincidence  with  the  operation 
of  internal  fire,  as  is  demanded  for  the  formation  of  the  central  rocks, 
and  for  their  elevation,  as  far  as  facts  may  justify  us  in  supposing  that 
it  took  place  so  early. 

The  supposition  now  before  us  is  equally  consistent  with  both  the 
igneous  and  the  aqueous  theory  of  the  earth;  and  indeed  it  would  be 
impossible  to  account  for  the  appearance  of  things,  without  the  con- 
joined agency  of  internal  fire,  and  of  an  incumbent  ocean ;  the  latter 
repressing  the  expansive  and  explosive  power  of  the  former,  causing 
its  heat  greatly  to  accumulate,  even  to  the  fusion  of  the  most  refrac- 
tory materials ;  preventing  the  escape  of  gaseous  matter,  as,  for  in- 
stance, of  carbonic  acid  gas  from  the  limestones,  and  by  its  pressure 
and  slow  cooling,  from  the  small  conducting  power  of  water,  pre- 
venting melted  rocks  from  assuming  the  appearance  of  volcanic  cin- 
defs,  slags,  scoriae,  and  other  inflated  masses. 

The  incumbent  ocean  is  therefore  indispensable  to  the  correct  de- 
ductions of  the  theoretical  geologist,  even  if  he  believe  in  the  igne- 
ous origin  of  the  primitive  rocks :  still  more,  if  he  attribute  these 
rocks  to  dissolving  agencies. 

With  these  views,  then,  the  historical  record  happily  agrees,  and 
geology  has  no  quarrel  with  the  sacred  history. 

During  the  period  when  this  dark  abyss  of  waters  prevaDed,  the 
earth  was  without  form,  and  void,  or  better,  as  Hebricians  say — "the 
earth  was  invisible. and  unfurnished;'^  we  may  presume  that  then 
the  early  operations  of  geological  formation  and  arrangement  began, 
by  producing  the  fundamental  rocks,  and  thus  providing  materials 
for  all  the  derivative  strata,  which,  in  the  course  of  their  consolida- 
tion, were  destined  to  embosom  such  an  endless  diversity  of  extra- 
neous contents. 
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This  theory  then  is  satisfactory  as  faif  as  it  goes :  like  the  one  pre- 
viously  discassed,  it  fairly  recognizes  and  encounters  Ae  real  difficulty 
in  the  case,  and  it  would  be  quite  sufficient  to  reconcile  geology  and 
the  Mosaic  History,  as  usually  understood,  did  not  the  latter  assign 
particular  events  to  each  of  the  successive  periods  called  days ;  the 
most  important  of  these  events  are,  the  first  emergetice  of  the  moui^* 
tains,  and  the  creation  of  organised  and  living  beings.  It  seems  ne- 
cessary therefore  to  embrace  the  days  in  the  peries  of  geological  pe- 
riods ;  and  the  difficulties  of  onr  subject  wiU  not  be  removed,  unless 
we  can  show  that  there  is  time  enough  included  in  those  periods 
called  days, .  to  cover  the  organic  creation,  and  the  formation  of  the 
rocks,  in  which,  the  remains  of  these  bodies  are  contained.  ^ 

3.  7%e  days  of  the  creation  were  periods  of  Hme  of  indefinite 
length. 

Instead  of  most  of  the  observations,  which  we  might  otherwise 
have  made  on  this  bead,  we  shall  substitute  a  comment  on  some  of 
the  ledtures  of  the  late  illustrious  Cuvier,  by  a  distinguished'  philosor 
pher,  Prof.  Jameson,  of  Edinburgh.*  It  is  not  necessary  to-speak  of 
the  eminence  of  those  gentlemen  in  science,  or  of  their  attaf  hment  U> 
the  sacred  writings ;  both  are  well  known. 

We  would  observe,  that  while  we  fully  accord  witlt  Prof.  Jamesoiv 
in  the  general  course  of  his  argument,  we  leave'  his  particular  criti- 
cisms OB  some  minor  points,  to  those  who  afe  qualified  to  judge  of 
their  merits,  Cuvier  remarks : — 

**  The  books  of  Moses  shew  us,  that  he  had  very  perfect  ideas  re- 
specting several  of  the  highest  questions  of  nattkral  philosophy.  His 
cosnM>gony  especially,  considered  in  a  purely  teiekitific  view,  is  ex- 
tremely remarkable,  inasmuch  as  the  order  which  it  assigns  to  <tlie 
difierent  epochs  of  creation,  isjirecisely  the  same  as  that  which  has 
beeq  deduced  from  geological  considerations." 

This,  then,  is  the  issue,  in  the  opinion  of  Baron  Cqvier,  of  that  sci- 
ence, which  has  been  held  by  ipany  persons  to  teach  dojiclusions  at 
variance  with  the  Book  of  Genesis, — when  at  last  more  matured  by  a 
series  of  careful  observations  and  legitimate  induction^  it  teaches  us 
precisely  what  Moses  had  taught  more  than  three  thousand  years  ago« 
•  •  «  «  . «  •       ' 

The  first  chapter  of  Genesis  is  written  in  a  pure  Hebrew.  This 
was  the  language  spoken,  and  afterwards  extensively  written,  by  the 
people  whom  Moses  conducted  to  Palestine  from  the  land,  of  Goshen. 


*  Am.  Jour,  vol:  zzv.  pa.  2&. 
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That  it.  differed  greedy  from  the  langaage  oCthe  Egyptiane,  we  have 
fiill  pKoof  in  the  Copdc  remaina  ,pf  the  latter,  in  the  Egyptian  proper 
names  preserved  iik  the  Hebrew  writings,  and  also  in  the  circomstance 
that  Joseph,  when  pretending  to  be  an  i^gryptian,  conversed  with  hia 
brethren  by  means  of  an  interpreter.  Yet,  in  the  chapter  in  qees* 
tion,  we  find  np  foreign  terms,  no  appearance  of  its  being  translated 
froiD  any  other  tongue ;  but,  on  the  -  contrary,  it  bears  every  inter- 
nal  mark  of  bein^  purely  original,  for  the  style  is  condebeed  and 
idiomatical  in  the  very^highest  degree.  Had  Moses  derived  his  aci* 
ence  from  Egypt,  either  by  oral  communication,  or  the  stvdy  of  Egyp- 
tian writings,  it  is  inconceivable  that  some  of  his  terms,  or  the  style  of 
his  composition,  should  sot,  in  some  point  or  other,  betray  the  plagi- 
ary c^r  copyist 

But  the  conjecture  that  Moses  borrowed  his  cosmogony  from  the 
Egyptians,  must,  rest,  moreover,  on  a  supposition  that  the  order  which 
he  assigns  for  the  different  epochs  of  cr^tion,  had  been  determined  by 
a  course  of  observation  and  iuduction,  and  ihe  correct  application  of 
many  ot^er  highly  perfected  sciences  to  the  illustration  of  the  8ubject» 
equal  at.least  in  their  accuracy  and  philosophical  precision,  to  tboae 
by  which  our  present  geological  knowledge  hfus  been  obtained. 
Nothing  less  than  this  can  account  for  Moses'  teaching  us  precisely 
wh^t  the  modem  geology  teaches,  If  we  allow  knovrledge  to  be  mere- 
ly human,  -  How  comes  it  to  pass,  then»  that  while  he  has  given  us 
the  perfect  and  satisfactory  results,  he. has  been  enabled  so  totalJj  to 
exclude  from  his  record  every  iraee  of  the  steps  by  which  Utey  were 
obtained  T  The  supposition  of  such  perfection  of  geological  knowl- 
edge in  ancient  Egypt,  implies  a  long  series  of  observation  by  many 
individuals,  having  the  same  object  in*  view.  It  implies  of  neceasityy 
also,  the  invention  and  use  of  foanj  -defined  terms  of  science,  without 
which  there  could  have  been  no  ^utual  understanding  among  the  dif- 
ferent observers,  and  of  coulrse  no  progress  in  their  pursuit.  These 
termi^thavo  all  totally  disappeared  in  die  hands  of  Moiaes.  He  trans- 
lated, with  precision,  the  whole  science  of  geology  into  the  language 
of^hepherds  apd  husbandmen,  leaving  no  trace  whatever  of  any  oae 
of  its  peculiar  terms,  apy  more  than  of  the  curious  steps  in  its  pro- 
gress. 

But  there  is  a  phenomenon  in  his  record'  still  more  unaccountable 
upon  any  supposition  that  his  science  is  merely  human.  -  His  geolo- 
gy, acki^dwledged  by  the  highest  authority  in  this  age  of  scientific  im- 
provement to  be  thus  accurate,  dwindles  down  in  his  hands  to  be  a 
merely  incidental  appendage  ^to  an  enunciation  of  the  most  rational 
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aiid  saUime:  theologj.  This  latter  he  di|i  not  learn  in  Egypt,  for  it 
was  iji  the  possession  of  his  ancestors  while  they  were  yet  inhabitants 
of  Canaan. 

Shall  we,  then^  conjecture  that  Moses  borrowed  theology  from  the 
Hebrews  on  the  one  hand,  and  geological  science  from  the  Egyptians 
on  the  other,  to  compound  out  of  theip  that  brief,  but  unique  and  per- 
fect system  of  both,  which  is  presented  to  us  jn  the  first  chapter  of 
Genesis ;  or,  is  it  possible  that'we^  could  adopt  any  conjecture  more 
absurd,  and  this,  too,  in  utter  destitution  of  all  proof  that  the  Egyp- 
tians possessed  any  knowledge  of  geology  In  the  sense  i^  which  we 
use  the  term  ? 

The  result  of  our  inquiry  is,  thatvtbe  geology  of  Moses  has  come 
down  to  us  out  of  a  period  of  remote  antiquity  before  the  light  of  hu- 
man science  arose ;  for,  to  suppose  that  it  \Tas  borrowed  from,  or  pos- 
sessed by  any  other  people  than  the  remarkable- race  to  which  Moses 
himself  belonged,  inv'olves  us  on  all  hands  in  the'  mos^  inextricable  dif- 
ficulties and  palpable  absurdities.*  Of  that  race,  it  has  been  long 
since  justly  remarked,  that  while  in  religion  they  were  men,  in  hu- 
man learning  and  science  they  were  children  ;  and  if  we  find  in  Aeir 
records  any  perfect  system  of  an  extensive  and  difficult  science,  we 
know  they  have  not  obtained  it  by  the  vegular  processes  of  observa- 
tion and  induction,  which,  in  the  hands  of  European  philosbpherst 
have  led  to  a  high  degree  of  perfection  in  many  sciences. 

Let  us  no Wv  then,  inquire  into  the  true  value  and  necessary  result  iif 
Baron  Cuvier*s  statjcment,  '*  ^at  the  cosmogony  of  Moses  assigns  to 
the  epochs  of  creation  precisely  the  skme  order  as  that  which  has  been 
deduced  from  geological  consideration." 

Before  we  proceed  to  that  detail  and  comparison  of  particulars  which 
are  necessary  in  the  due  prosecution  of  the  inquiry,  we  purpose  to 
shew  that  a  right  understanding  of  the  terms  employed  by  Moses* 


*  We  believe  that  the  opinion  of  Calmet  may  be  maiotained  by  veiy  extensive 
and  highly  satisfactory  internal  evidence,  that  Moses,  in  the  book  of  Genesis,  has 
transmitted  to  us  the  saccessive  writings  of  the  earlier  Patriarehs,  just  as  the 
Prophets,  who  succeeded  him,  have  transmitted  to  us  that  book  and  his  own  wri- 
tings. We  believe,  likewise,  with  Bishop  Gleig,  that  the  opinion  generally  enter- 
tained of  the  late  invention  of  alphabetical  writing,  is  no  other  than  a  vulgar  error, 
and  that  sAch  writing  must  have  been  practised  before  the  flood  of  Noah. 

Sir  William  Jones,  when  he  hazarded  the  conjectore,  or  rather  opinion,  that  the 
language  of  Noah  is  probably  entirely  lost,  must  have  quite  overlooked  the  inter- 
nal evidences,  that  the  original  language  of  Genesis  can  be  no  other  than  the  laa- 
gaage  of  both  Noah  and  Adam>  Bat  these  question;  are  too  important  and  exten- 
sive to  be  more  than  thus  briefly  alluded  to  in  a  note. 

56 
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wUl  lead  as  to  fieverel  more  agreements^  between  his  statmnents  and 
the  results  of  the  modern  geology,  than  ane  indicated  hj  onr  commoa 
English  translation.  This  will  lead  us  into  a  critical  exattiination  of 
several  of  these  terms.  We  do  not  mean  to  hinge  mnch  of  these  crit- 
icisms on  grammatical  niceties,  but  to  rest  theni  chiefly  on  an  examin- 
ation of  other  passages  of  Hebrew;Scriptures,  where  the  terms  are  al- 
so employed,  and  wh^re  the  context  throws  such  light  on  them,  as 
puts  an  end  to  all  doubt  about  their  true  import.  This  is  a  process  of 
criticism  which  is  universally  allowed  to  be  quite  satisfactory,  where 
we  have  sources  for  employing  it,  as  happens  to  be  the  case  in  the 
present  instance. 

To  make  our  criticisms  injlelligible,  without  thejabor  of  turning  to 
the  passages  quoted,  we  shall  quote  the  common  English  traiislatioD 
to  such  an  extent  as  may  be  necessary. 

The  term,  the  meaning  of, which  we  shall  first  investigate,  is  ^*<2ay" 
(in  the  Hebrew,  yom.)  The  interpretation  of  this^  in  the  sense 
**epoch^^  or  ** period^"  has  been  a  subject  of  animadversion,  of  an  un- 
necessary severity  in  some  cases.  A  careful  examination  of  the  first 
chapter  of  Genesis  itself,  leads  unavoidably  to  the  coBclusi<Miy  that  our 
natural  day  of  one  revolution  of  the  siln  cannot  be  meant  by  it,  for  we 
find  that  no  fewer  than  three  of  the  six  days  had  passed  before  the 
measure  pf  our  present  day  wacr  established.  It  wa3  only  on  the 
fourth  day,  or  epoch  of  the  creation,  **  that  God  made  two  great  lights 
to  divide  the  day  from  the  night,  and  to  be  for  signs,  and  for  seasons, 
and  for  days  and  for  years."  The  Yerj  first  time  that  the  tenn  oc- 
curs in  the  Hebrew  text,  after  the  history  of  the  six  days'  work,  and 
of  the  rest  of  the  seventh,  as  if  to  furnish  us  with  definite  information 
regarding  its  true  import,  we  find  it  employed  in  a  similar  manner  to 
that  in  whi^h  wd  must  understand  it  here ;  for,  in  Gen.  ii.  4,  we  have, 
*^  These  are  the  generations  of  the  heavens  and  the  earth,  in  the  day 
(beyom)  that  the  Lord  God  made  the  earth  and  heavens."  The  use 
of  the  term  in  this  indefinite  sense  is  so.  common  in  the  Hebrew  wii- 
tings,  that  it  would  be  a  great  labor  to  quote  all  the  passages  in  which 
it  is  found  ;  and  we  shall  satisfy  ourselvei  by  at  present  referring  to 
Job  xviii.  20,  where  it  is  put  for  the  whole  period  of  a  man's  life, 
"  They  that  come  after  him  shall  be  astonished  at  his  day  "  (yomo) ; 
and  Isaiah  xxx.  8,  where  it  is  put  for  all  future  time,  *'  Now  go  note 
it  in  a  book,  that  it  may  be  for  the  latter  day  (leyom),  for  ever  and 
ever."  It  is  quite  obvious,  from  these  examples,  that  the  Hebrews 
used  the  term  (y6m)  to  express  long  periods  of  time.  The  very  con- 
ditions of  the  history  in  this  chapter,  prove  that  it  must  be  here  so  un- 
deratood. 
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They  who  ohject  to  thig  interpretation  of  the  term  here,  immedi- 
•tely  quote  against  it  the  reason  added  to  the  fourth  commandment, 
*'  For  in  six  days  the  Lord  made  heaven  and  earth,  the  sea,  and  all 
that  in  them  is,  and  rested  the  seventh  day,  wherefore^  the  Lord  bless- 
ed the  Sabbath-day  and  sanctified  it«"  This  is,  however,  no  more  than 
a  brief  reference,  and  the  terms  of  it  must  therefore  be  strictly  inter- 
preted in  accordance  with  those  of  the  detail  to  which  the  reference  is 
made* 

It  has  been  said  that  such  an  interpretation  goes  to  nullify  the  rea- 
sons assigned  for  the  sanctification  of  every  seventh  revolution  of  the 
sun;  but  diis  does  not  follow.  |n  point  of  fact,  the  rest  from  the 
work  of  creation  (we  use  this  form  of  speedi  from  the  example  before 
us)  did  not  endure  for  only  one  revolution^  of  the  sun,'  but  has  contin- 
ued since  the  creation  of  man ;  and  we  have  no  grounds  on  which  to 
establish  even  a  conjecture  of  the  tipae  of  its  coming  to  a  close ;  so 
that  if  we  were  urged  to  adopt  a  period  «of  twenty  four  hours  as  the 
meaning  of  yom,  that  the  six  days  of  creation  might  literally  corres- 
pond with  our  six  working  days,  we  should  then  find  the  apparent  dis- 
agreement, which,  by  this  process,  we  would  endeavor  to  avoid,  trans- 
ferred, to  our  weekly  period  of  rest,  and  the  rest  frpm  the  work  of 
creation. 

It  will  surely  be  readily  allowed,* -th^t  the  Sanctification  of  the  Sab- 
bath has  respect  to  man  and  his  duties ;  and  since  his  Creatot  has  been 
made  known  to  him,  and  the  order  of  the  six  successive  epochs  in 
which  the  earth  was  rendered  fit  for  his  habitation ;  if  we  are  io  allow 
what  surely  no  reflj^cting  mind  will  ever  deny,  that  it  is  his  duty  to 
reflect  with  gratitude  on  the  blessing  he  has  received,  and  to  main- 
tain in  his  heart  a  sense  of  his  dependence  upon,  and  responsibility 
to  him,  who  made  the  heavens  and  the  earth,  apd  all  that  they  contain, 
no  method  could  have  been  devised  better  calculated  for  preserving 
these  feelings  in  constant  activity  than  appointing  some  definite  por- 
tion of  time,  returning  at  short  intervals,  to  be  devoted  to  the  con- 
templations that  awaken  them,  nor  any  interval  more  appropriate 
than  that  which  so  directly  rebajls  the  order  of  the  events  of  the 

creation. 

Since  we  have  introduced  the  subject  of  the  measure  of  our  pres- 
ent day,  we  would  ofifer  an  observation  regarding  the  work  of  the 
fourth  day,  which  includes  the  sun,  moon  and  stari.  Respecting  the 
period  of  th^r  creation,  geology,  (torn  its  nature,  gives  us' no  precise- 
ly definite  indications.  The  history  regarding  them  i?  from  the  14th 
to  the  18th  verses,  and  we  would  observe  qf  it,  that  the  terms  employ- 
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ed  are  sueh  as  do  not  not  8bsolntel3r*  imply  that  these  bodiev  were  at 
this  epoch  first  created,  but  admit  of  the  interpretation  that  their  ■»► 
tious  were  then  first  made  the  measures  of  our  present  days  and  sea- 
sons. We  had  found  it  already  slated  in  the  1st  verse,  that  the  heav- 
ens and  the  earth  were  ereated  in  the  beginningi  antecedently  to  the 
work  of  the  six  days,  by  which  they  were  reduced  to  their  present 
order,  and  the  earth  was  peopled  with  organized  beings.  It  would 
seem  an  unwarrantable  .  interpretation  to  exclude  the  sun,  moon  and 
stars  from  among  the  objects  expressed  by  the  general  terms,  the 
heavens  and  the  earth*  It  is  the  most  obvious  interpretation,  thst 
they  were  then  created,  and  were  lighted  up  on  the  first  day,  but  that 
it  was  only  during  the  fourth  epoch,  tbat'they  were  rosde,  the  greater 
light  to  ^le  over  the  present  day,  add  the  lesser  light  to  rule  over  the 
present  niglit^  and  to  be  fbr  signs,  and  for  seasons,  and  fbr  days  and 
for  years,  according  to  the  mea«ui«s  of  time,  which  we  now  find  es- 
tablished by  them.  This  part  of  the  history,  then,  when  interpreted 
in  consistency  with  the  Ist  verse,  and  without  any  violence  to  the 
tennst  implies,  (in  the  cbmmon  language  of  men,  which,  in  all  na- 
tions, refers  the  diurnal  and  annual  revolutions  of  the  heavenly  bodies 
to  the  motions  of  thesie  bpdies  themselves,)  that  the  earth  was  during 
ihis  epoch,  finally  brought  into  its  present  orbit. 

The  work  of  the  third  epoch  was  the  appearance  of  the  dry  land, 
and  the  creation  of  the  vegetable  kingdom*  The  history  of  the  latter 
in  our  common  translation,  is  v.  1 1,  "  God  said.  Let  the  earth  bring 
forth  grass  (in  the  margin  tender  grassy)  the  herb  yielding  seed,  and 
the  fruit-tree  yielding  fruit  after  his  kind,  whose  seed  is  in  itself,  upon 
the  earth:  audit  was  so."  Y.  ISS,  **And  the  earth  brought  forth 
grass,  and  the  herb  yielding  seed  after  his  kind,  and  the  tree  yielding 
fruit,  whose  seed  was  in  itself,  after  his  kitid.'^  The  terms  grass  (in 
Hebrew,  deshe,)  herb  (Hebrew,  oeseb,)  and  tree  '(Hebrew  etz,)  sre 
here  all  put  disjunetively  in  the  Hebrew ;  there  being  only  one  conjnne- 
tion  in  the  tv^'clflh  verse  between  herb  and  tree,  which  does  not  affect 
the  disjunctive  .character  of  the  three  terms,  as  it  is  a  common  prac- 
tice in  the  Heb/eiV  writings  to  couple,  in  this  Inanner,  the  two  last  of 
a  scries  of  disjunctive  terms,  as,  for  example,  .the  names  of  the  four 
kings  in  Grenesi  i  xiv.  1.  In  the  two  last  6f  these  terms,  herb  and 
tree,  we 'find  a  recognition  of  a  remarkable  natural  distinction  among 
the  vegetable  tribe; s  atid  this  very  circumstance  would  lead  us  to  infer 
that  the  first  term,  'Which  has  obviously  presented  a  difficulty  to  onr 
translators,  since  ihtiy  have  given  two  interpretations  of.it,  is  intend- 
ed to  express  some  c.fass  or  tribe  of  the  vegetable  kingdom^  naturally 
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distiiigiaahed  from  herbs  and  trees,  m  they  are  from  one  another.  The 
term  in  qoestion  (deslie)  is  a  noon  from  a  verb,  which,  from  Joel  ii«. 
22,  we  l^m  the  meaning  is  to  springs  to  shoot^  to  vegetate^  ^'  Be  not 
afraid,  ye  beasts  of  the  ^eld,  for  the  pasturies  of  the  wilderness  do 
spring,  (dasheu.^)  In  the  11th  verse  under  consideration,  We  find 
both  the  verb  and  the  noun,  for  the  words  insisted  **  Let  the  earth 
bring  forilC*  are  (tadeshe  haaretsi,)  which*  in  accordance  With  the 
obvions  sense  in  Joel,  would  be  better  rendered  ^^Ist  dearth  shoot 
outJ^  From  this  meaning  of  the  verb,  then,  the  noun,  would  signify 
the  springing  or  shooting  plant,  atid  as  used  here  in  contradistinction 
to  both  herbs  and  trees  bearing  seeds,  it  is  surely  not  recommending 
any  forced  interpretation  to  suggest  that  it  is  meant  to  express  that 
class  of  vegetables,  which  all  botanists  recognise  as  being  naturally 
distinguished  by  the  obscurity  of  their  means  of  reproduction. 

It  tends  to  support  this  interpretation,  that  the  Hebrew  has  a  dif* 
fereDt  term  .for  grass,  the  conumin  food  of  cattle  (chatzir,)  Which  the 
lexicographers  have  shewii  b  derived  from  its  tubular  structure^  Thus, 
in  Job,  xl.  15,  we  have  **  he  eatetb  grass  (chatzir)  as  an  ox  ;'^  and. 
Psalm  civ.  14,  *'  He  causeth  grass  (chatzir)  to  grow  for  the  cattle." 

In^several  passages  besides  this  of  Genesis,  we  find  deshe  contra- 
distinguished from  both  oeseh  and  chatziri  as  in  Deuteronomy  xxxii.  2, 
**As  the  small  rain  upon  ihe^tender  herb  (deshe),  and  as  the  showers 
upon  the  ^a$9  (oeseb) ;'*  and  Psalm  xxxvii.  ^2,  "They  shall  soon  bo 
cot  dowa  like  the*  gfass  (chatzir),  and  wither  like  the  green  herb 
(deshe);*'  and  2d  Kings  xix.  26,  "They  were  ais  the  herb  (oeset)).of 
the  field,  as  the  green  herb  (deshe),  as  the  grass  (chatzir)  on  the 
house  tops.^'  These  qu6tations  shew  the  want  of  unifprmity'  with 
which  the  English  translators  have  rendered  .  these  terms,  and  go  to 
support  the  sense  we  would  assign  to  deshe. 

But  we  must  not  conceal  that  there  are  tl^ree  passages  in  which  this 
wOrd  occurs,  that  might  seem  to  implyl  until  Closely  examined;  that' 
we  should  not  be  warranted  to  restrict  the  sense  of  it  in  the  manner 
proposed.  One  is  in  the  23d  Psalm,  "The  Lord  is  ray  shepherd,  I 
shall  not  want.  He  maketh  me  to  lie  down  in  the  pastures  of  tender 
grass*  (deshe).'*  On  this  we  have  to. observe,  that  the  word  rendert 
ed  here  in  the  pastures,  has  been  rendered  in  the  Vulgate,  in  various 
places  where  it  occurs,  and  by  the  Septuagint  in  .some  instances,  de^ 
^irable  or  beaptiful  places,  and  their  accuracy  in  doing  this,  seems 
confirmed  by  the  circumstance,  that  the  Hebrew  has  another  term  for 

r  *  The  marginal  translation,  which  1$  the  literal  one. 
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jpasture;  and  if  this  uiterpretstion  of  that  word  be  admitted,  tttai 
deshe  might  signify  here  plaHts  rather  fitted  for  Ijing  down  on,  as  the 
moflses  and  ferns,  than  for  pasture,  which  would  make  out  a  cdnsiatent 
image  expressed  in  this  elalise  or  sentence,  in  opposition  to  the  one 
derived  from  the  abundance  of  pasture,  which  is  evidently  already 
Bufficiendy  completed  in  the  terms,  ^  The  Lord  is  my  shepherd,  I 
shfill  not  want*"  This  passage,  then,  when  riglitly  understood,  rather 
serves  to  confirm  the  meaning  which  we  have  suggested  for  dtsht. 
Another  passage' is  Job  vi.  5,  **Doth  the  wild  ass  bray  whea  he  hath 
grttss  (deshe),  or  loweth  the  ox  over  his  fodder!"  but  no  stress  can 
be  laid  upon  this,  when  we  Consider  that  both  the  ass  and  the  horse 
eat,  of  choice,  viirious  species  of  ferns  and  equiseta,  a  fact  which  it  is 
not  unreasonable  to  suppose  might  be  known  to  the  author  of  a  book 
which  contains  so  much  accurate  and  interesting  natural  history  as 
this  of  Job.  The  plants,  whatever  they  might  be,  which  formed  a 
supply  for  the  wild  ass,  are  at  least  obviously  set  in  contradistinction 
to  those  which  formed  the  fodder  of  the  ox.  The  third  passage  is 
Jeremiahl.il,  "because  ye  are  grown  fat  as  the  heifer  9X  grass 
(deshe)."  \  But  th^re  is,*  in  a  great  number  of  manuscripts,  a  various 
reading  for  desfie  here,  by  which  the  meaning  becomes,  **  ye  are 
grown  fat,  like  a  heifer  thrashing,* or  treading,  out  the  corn;"  and  sev- 
eral circumstances  shew^  the  latter  reading  to  be  the  more  probably 
cdrreet  one« 

It  remains,  then,  very  highly  probable,  upon  the  whole,  that  deshe^ 
in  the  11th  and  12th  verses,  is  intended  to  express  the  cryptogamous 
vegetation.  • 

In  our  observations  on  Ihe  terms  emplyed  in  the  history  of  the  cre- 
ation of .  the  animals,  we^hall  arrive  at  some  important  conclusions 
that  are  more  absolutely  certain. 

Thefirst  thing  that  we  would  observe  Yn,  regard  to  this,  is,  thatthere 
are  tWo  distinct  words,  of  very  difierent  origin,  which  the  English 
translators  have  rendered,  promiscnously,  creeping  creatures  or  things 
and  also  moving  creatures^  following,  no  doubt,  the  authority  of  the 
Septuagint,  which  has  given  i^sra  for  both;  thus  occasioning  a  great 
confusion  instead  of  a  clear  and  perspicuous  order  of  creations  exhib- 
iied  in  the  Hebrew  text  The  first  of  these  words  is  sheretz^  aft  in 
verse  20th,  in  the  history  of  the  fifth  day*s  work,  "  God  said,  Let  the 
^a'ters' bring  forth  abilndantly  the  moving  crediure  (sheretz);"  in  (be 
margin,  the  creeping  creature.  This  word  is  fromti  verb,^  which  sig- 
nifies to  bring  forth,  or  to  infirease^  or  to  multiply  abundantly^  being 
the  very  verb  which  is  reiidet'ed  bring  forth  abundantly  in  the  20th 
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verse,  **Let  the  waters  bring  forth  abun^aiUly,'*  (is  heretzu  hamaim). 
We  find  the  verb  obviously  having  this  meaning  in  other  passages,  of 
whieh  we  shall  quote  Examples:  Gen.  viii.  17,  ^^Tliat  tfiey  may  bret^d 
abundantly  (v^sharetzu)  in  the  earth,'  and  be  fruitful  and  Amlliply-  in 
the  earth ;"  £xod.  i.  7,  **  And  the  children  of  Israel  were  fruitful  and 
increased  abundantly  (vaisheretzta),  and  multiplied,  and  waxed  exceed-' 
ing  mighty,  and  the  land  was  filled  with  them;"  Exod.  viii.  3,  ^And 
the  river  shall  bring  forth  frogs  abundantly  (vesharatz)*  *  *  *  and 
the  frogs  shall  come  up  both  on  thee  and  on  thy  people,  and  upon  )aU 
thy  servants.^ 

From  all  this  it  appears  that  the  proper  translation  of  the  noun 
sheretz  is  not  the  creeping  but  the  rapidly  multiply^g  creature^ 
The  creatures  expressed  by  this  noun  were  part  of  those  which  were 
created  during  the  fifth  epoch. 

The  other  word  translated  creeping  thing  is  (remes),  and  the  prea* 
tures  expressed  by  the  noun  wer^  created  during  the  sixth  epoch* 
We  shall  afterwards  shew  that  it  has  a  very  different  meaning  from 
sheretz. 

In  the  history  of  the  fifth  day^s  work,  the  translators  have  rendered 
the  Hebrew  word  (oph),  by  fowL  This  limits  its  meaning  so  as  to 
includo  only  the  birds.  But  the  term  includes  also  the  winged  insects, 
as  is  evident  from  Leviticus  xi.  20,  ^*A)1  fowls  (haoph)  that  creep,  go- 
ing upon  four."  The  proper  translation-  of  the  term  is  not  foMol^  but 
flying  things  including  the  tribes  of  all  kinds  that  can  raise  themselves 
up  into  the  air ;  as  is  indeed  .rendered  obvious  by  the  expreission  in 
the  21st  verse  of  the  Ist  chapter  of  Genesis  itself  (call  oph  canaph)» 
"every  flying  thing  that  hath  wings."-  / 

In  the  21st  verse  it  is  said,  ^*God  created  (hathana^im  hagedoHra),'-* 
which  Hebrew  wordi^,  our  translators,  following  the  Septuagint,  (whicb 
has  given  ^  for  them  roc  xf}rv|  rot,  fi^aXa,)  have  rendered  great  whales* 
We  hjsye  abundant  resourcies  to  shew  that  this  translation  i»  erroneous.. 
In  fact,  neither  the  G'reejL.nor  the  English  translators  have  been  con- 
sistent with  themselves  in  translating  t^ie  Hebrew  word  (than)  or 
(thanim),,.for  it  occurs  in  both  these  foi;m8.  We  find  them  in  other 
places  translating  it  severally  by  the  ,term  6paxwv,  and  dragon^  It 
would  be  tedious  to  quote  the  passages  where  they  have  ihus  varied 
from  themselves.  We  shall  refer  to  Ezekiel  xxix.  3,  for  the  latter 
sense,  '*I  am  against  thee,  Pharaoh,  king  of  Egypt,  the  great  dragon 
(hathanim  hagadol)  that  lieth  in  the  midst  of  his  rivers,"  where  the 
Septuagint  has  rov  jpcixovra  rov  fji^s^ctv.  The  figure'  in  this 'passage  is 
evidently  borrowed  from  the  crocodile  of  the  Nile,  and  thus  circnm-^ 
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«f anee  of  itself  would  shew  that  dngon,  in  pltee  of  whale,  woidd  be 
a  better  translation  in  Genesis.  But  (thanin)  has  a  still  more  eoibpre- 
hensive  meaning.  We  find  two  words  formed  from  it,  one  of  which 
(Leviathan)  is  th^  specific  name  of  the  crocodile,  as  is  obyious  from 
the  descriptions  of  Job  chap*  zli.  and  of  Isaiah  chap,  xxvii.  1»  in  whkh 
laa-t  passage  (thanin)  is  also  used, — and  the  other  (Pethan)  i^  the  spe* 
cific  name  of  some  >'serpent,  as  is  obvioiis  from  the  reference  to  its 
poison,  in  Job  xx,  14,  and  Deuteronpmyxxxii.  33.  In  this  last  pas- 
sage WQ  also  find  poison  ascribed  to  the  thanin ;  '^  Their  wine  k  the 
poison  of  dragons  (thnninim),  and  the  cruel  venom  of  asps(pethanim);" 
so  that  here  it  is  evidently  meant  to  exipress  a  serpent,  as  in  Ezekiel 
and  Isai^^  as  we  havfe  deen  above,  it  signifies  one  of  the  lacertine 
«peeies.  <  .    ^ 

These  references,  which  we  could  have  greatly  extended,  were  it 
necessary,  are  sufficient  to  prbve  that  (than)  or  (thanin)  was  a  sort  of 
generic,  or  rather  classical,  name,,  to  desigilate  the  serpent  and  lizard 
tribes ;  and  that  instead  of  great  whales  in  the  21  st  verse,  the  trans- 
lators should  have  given  the  words  great  reptiles.* 

The  result  of  our  criticism  is,  that  the  wofk  of  the  fiAh  epoch,  as 
described  in  Genesis,  was  the  creation  of  the  inhabitants  of  the  waters; 
of  the  birds,  winged  ]nse<!rts,  and  reptiles  $  in  fact,  of  the  oviparous 
races  named  in  detail,  with  some  omissions  which  are  to  be  accounted 
for  by  the  uniformly  condensed  and  brief  form  of  the  whole  narration. 

We  proceed  to  the  work  of  the  sixth  epoeh,  which  -cdndaded  with 
Ihe  creation  of.  mah. 

lb  the  English  trandation  we  &ad.  creeping  ihings  a^ain  included 
aoQong  the  beings  which  were  crisated  during  this- period,  and  these 
English  terms,  in  their  most  commonly  received  acceptation,  imply 
some  of  the  insect  or  reptile  tribes.  We  have  seen  that  the  Septus- 
gint  counteDiances  the  interpretation  creeping  things;  butthe  Hebrew 
term  (remej)  does'not.  This  is  derived  from  a  verb  which  'signifies 
iomove,  aud  whiph  is  so  far  from  being  limited  in  its  ap{4ication  to 
the  insects  or  the  reptiles,  that,  in  Psalm  civ.  tM),  21,  we  findit  appbed 
to  the  beant  of  the  forest  and  the  yooang  lions :  **  Thou  makest  dark- 
ness and  iU  is  night,  wherein  all  the  blasts  of  the  forest  do  creep  (tire- 


•  There  ist  only  one  passage  in.^hich  (than)  means,  with  certainty,  any  thing 
else  tlian  a  s  erpent  or  reptile,  which  is  Lamentations  iv.  3,  where  probably  a  sed 
is  meant ;  In  it  the  passage  Is  highly  poetical,  and  no  authority  can  be  given  to  it  to 
si^ersede  th  e  uniform  meaniog  of  the  term  in  all  the  earlier  writers,  which  we 
hava  estabhu*  ihed  in  the  text. 
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mos).  The  joang  lions  roar  after  their  prey."  In  the  d4th  and  Sftth 
Tenes,  (remes)  is  grouped  with  cattle  (behemach),  and  beast. of  the 
earth  (haith  haaretz).  Froo&  are  abundant,  and  too  tedious  to  be  aO 
referred  to,  that  by  (behemah)  the  Hebrews  generally  expressed  the 
larger  herbivorous  animals,  and  by  (haith  baaret^)  the  larger  beasts  oit 
prey.  (For  the  former  see  Genesis  xxxi?.  23,  and  for  the  latter  Le« 
▼iticus  xxvi.  32.)  Thus  we  find  races  of  mammalia  expressed  by 
these  terms,  and  to  comprehend  the  whole  class  we  must  understand 
(remes)'  as  referring  to  its  other  tribes.  It  is  at  least  no  race  of  insect! 
that  can  be  meant  by  the  term,  for,  in  point  of  fact,  where  any  of  these 
are  obyiously  meant  in  other  Hebrew  passages,  either  the  name  (she* 
ret^)  is  given  to  them,  as  in  Leviticus  xi.  42,  **  Whatsoever  doth  mul" 
tiply  feet  among  all  creeping'  things^^^  (hasheretz),  or  the  name  (oph)» 
as  we  have  already  seen. 

It  is  true  that  remes  is  applied  to  the  oviparous  tribes,  but  not  as  m 
noun  or  name,  but  as  a  verb  to  express  their  motion,  just  as  in  some 
passages  -above  quoted,  we  have  seen  sheretz  applied  as  a  verb»  but 
not  a  name  to  mammalia. 

Previously  to  setting  down  the  following  table  of  coincidences  be» 
tween  the  first  chapter  of  Genesis  and  the  results  of  geological  obser- 
VBtion,  it  is  necessary  to  make  a  remark  on  one  passage  in  Hum- 
boldt's table  of  geological  formations,  which  possesses  a  classiijal  ce-^ 
lebrity  over  Europe.  In  that  table,  following  an  earlier  authority,  he 
has  placed  the  formations  of  transition,  in  the  limestones  of  which 
are  found  several  species  of  shells,  intermediately  between  the  primi- 
tive formations  and  those  containing  bituminous  coal ;  and  his  table 
would  thus  indicate  that  an  animal  creation  had  preceded  any  vege« 
table  one.  We  shall  not  need  to  discuss  the  question,  whether  the 
formations,  named  transition,  are  considered  in  a  right  point  of  view, 
when  they  are  placed  between  the  primitive  and  pit-coal  strata,  since 
it  is  sufficient  for  our  present  purpose  to  remark,  that  several  obser-* 
vations,  among  which  we  may  particularly  refer  to  those  of  Thomas 
Wciaver,  Esq.  F.  R.  S.,  on  the  geological  relations  of  the  south  of  Ire« 
land,  have  proved  that  the  anthracite  or  glance  coal  of  the  iransitioii 
formations,  with  some  of  its  accompanying  strata,  are  full  of  impress- 
ions  of  various  plants  ;*  so  that  in  the  transition  strata  a  vegetable 
creation  is  discovered  as  well  as  an  animal. 

In  the  following  table  we  have  taken  the  geological  facts  from  va- 
rious authorities.  The  passages  quoted,  are  selected  chiefly  on  ac-* 
count  of  their  brevity.  In  the  quotation  from,  and  reference  to  OenesiSt 
the  events  on  which  geology  can  throw  no  certain  light  are  in  italics, 

*  This  is  troe,  on  a  vast  scale  and  in  mnumerable  instances,  in  the  anthracite 
mines  of  Pennsylvania ;  not  to  mention  that  most  geologists  now  include  the  bito* 
minous  coal  in  the  transition  class.— fTi. 
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Tabk  of  CHncidenees  between  the  Order  of  Events  as  described  in  Offiem,  Mind 

that  unfolded  by  Oeological  Investigation. 


In  Oenent.                   <^ 

Discovered  ky  Geology. 

Gen.  I.  1,3.  Inlhe^)egiB- 
Ding  God  created  the  heav- 
ens and  the  earth.   And  the 
earth  was  without  form  and 
Toid ;  and  darkness  was  up* 
on  the  face  of  the  deep ;  and 
the  Spirit  of  God  moved  up- 
on  the  face  of  the  waters. 

3,4,5.  Creation  of  light, 
6,7,8.  Creation  of  the  ex- 
pansion or  atmosphere. 

9, 10.  Appearance  of  the 
dry  land. 

I 

3 

It  is  impossible  to  deny,  that  the  waters  of  the 
sea  have  formerly,  and  tor  a  long  time,  covered 
those  masses  of  matter  which  now  conslituie  ooi 
highest  mountains; 

and, 
further,  that  these  waters,  during  a  long  time,  did 
not  support  any  living  hodies.—Cuiner's  T*keonf 
of  the  Earth,  sect,  7. 

11,  13,  13.    Creation- of 
shooting  plants,  and  of  seed' 
bearing  herbs  and  trees. 

*       » 

3 

1.  Cryptogamous  plant;B  in  the  coal  strata. — Afa- 
Mf  observers. 

3.  Species  of  the  most  perfect  developed  class, 
thp  Dicotyledonous,  already  appear  in  tne  period 
of  the  secondary  formations,  and  the  first  traces  oi 
them  can  be  shown  in  the  oldest  strata  of  the  sec- 
ondary formation*;  while  they  nninterruptedlv  in- 
crease in  the  successive  formations.-r.-i^<»/.  Jaaie- 
son's  remarks  on  the  Ancient  Flora  of  the  Earth. 

14  to  19.  Sun,  moon  and 
stars  modi  U  be  for  signs, 
and  for  seasons,   and  fcr 
days,  and  for  years. 

\ 

w 

30.  Creation  of  the  inhab- 
itaau  of  the  waters. 

4 

5 

Shells  in  Alpine  and  Jora  limestone-^Am- 
boldVs  tables. 

Fish  in  Jura  limstone. — Do. 

Teeth  and  scales  of  fish  in  Tilgate  sandstone.^ 
Mr.  ManUU. 

Creation  of  flying  things. 

Bones  of  birds  in  Tilgate  sandstone^ — 3^.  Man- 
tell,  Oeological  TVansactions,  1836. 

Elytra*  of  winged  insects  in  calcareous  slate,  at 
Stonesfield.— Afr.  Maniell. 

21.  The  creation  of  great 
reptiles. 

6 

7 

8 
9 

It  will  be  impossibte  not  to  acknowledge  as  a 
certain  truth,  the  number,  the  largeness,  and  the 
variety  of  the  reptiles,  which  inhabited  the  seas  or 
the  land  at  the  epoch  in  which  the  strata  of  Jura 
were  deposited. — Cuvier^s  Ossem.  Foss. 

There  was  a  period  when  the  earth  was  peopled 
hy  oviparous  quadrupeds  of  the  most  appalling 
magnitude.  Reptiles  were  the  lords  of  Creation'.— 
Mr.  ManteU. 

34, 25.    Creation  of  the 
mammalia. 

Bones  of  mammiferous  land  quadrupeds,  found 
only  when  we  come  up  to  the  formations  above  the 
coarse  limestone,  which  is  above  the  chalk.t — Cn- 
vier's  Theory,  sect.  30. 

36, 2^.  Creation  of  man. 

No  human  remains  among  extraneous  fossils. — 
Cuvier's  Theory,  sect.  32i 

But  found  covered  with  mod  in  cares  of  Bize.— 
Journal. 

Genesis,  VII.  The  flood 
of  Noah,  4300  years  ago. 

The  crust  of  the  globe  has  been  subjected  to  a 
great  and  sudden  revolution,  which  cannot'be  da- 
ted much  farther  back  than  five  or  six  tboiusand 
years  ago.— Cwri<rr's  Theory,  32,  33,  34,  35,  and 
Buckland*s  Rcliq.  Diluv. 

'Sheaths. 

t  One  solitary  exception  is  since  discovered,  in  the  calcareous  slate  of  Stonesfleld,  in  the  banes 
of  a  dldelphis,  an  opossum,  a  tribe  whose  posltioa  may  be  held  Intermediate  between  the  ovipa- 
rous  and  mammiferoos  races. 
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In  the  above  table,  we  hare  not  taken  advantage  of  the  distinction 
which  we  conceive,  we  have  gone  far  to  prove,  is  expressed  in  the 
Hebrew  text  between  the  oryptogamous  and  the  other  classes  of  plants 
but  have  set  down  the  whole  vegetable  kingdom  as  forming  only  Qne 
element  in  the  table.  We  shall  also  allpw  that  the  4th,  5th,  and  6th 
ICos.  may  be  liable  ib  be  interchanged  among  themselves,  in  respect 
#f  place  and  shall  hinge  no  argument  upon  them,  farther  than  what 
arises  from  the  circumstance  that  they  are  all  placed  in  one  group. 
Yet,  after  these  abatements  from  the  number  of  particulars,  the  coin^ 
cidences  here  shown  between  the  order  of  the  epochs  of  creation  as- 
signed in  Genesis,  and  that  discovered  hy  geology,  are  calculated  to 
excite  the  deepest  attention.  Human  science,  in  the  probabilty  of 
chances,  as  illustrated  by  La  Place,  has  put  ub  in*  possession  of  an 
instrument  for  estimating  their  value ;  and  we  feel  jimply  entitled  to 
take  advantage  of  it  for  that  purpose,  for  no  case  could  well  be  point- 
ed out,  where  it  would  be  more  correctly  applicable  than  in  this« 
where  the  coinci<)ences  assume  a  definitely  successive  numerical  form. 
We  are  entitled  to  adopt  even  the  very  language  of  La  Place,  and  to 
say,  ^  By  subjecting  the  probability  of  these  coincidence^  to  compu- 
tation, it  is  found  that  there  is  more  than  sixty  thousand  to  one 
against  the  hypothesis  that  they  are  the  effect  of  chanee.* 

It  IS  thus,  then,  that  the  discoveries  of  geology,  when  more  ma- 
tured, instead  of  throwing  suspicion  on  the  truths  of  revelation,  as  the 
first  steps  in  them  l^d  some  persons  to  maintain,  have  furnished  the 
most  overpowering  evidence  in  behalf  of  one  branch  of  these  truths* 
The  result  of  these  discoveries  has  been,  in  this  respect,  similar  to 
those  of  ihe  Chinese  and  Egyptiad  histories,  an^  the  Indian  astrono- 
my, but  much  more  striking.  Eminent  men  had  pledged  their  fame 
in  setting  tip  these  histories,  and  that  astronomy,  in  opposition  to  the 
chronology  of  Gsenesis ;  but  further  and  more  careful  inquiry  info 
their  tme  characters,  discovered  that,  when  rightly  understood,  they 
only  tend  to  confirm  it. 

We  are  not  afraid  that  we  shall  have  here  quoted  against  us  the 
words  of  Bacon,  ^'  Tantp  magis  hec  vanitas  inhibenda  venit,  et  coer- 
cenda,  quia  ex  divinorum  et  humanorum,  male  sana  admixtione,  non 
solum  educitur,  philosophia  pliantastica,  sed  etiam  religio  hseretica*" 
We  have  only  endeavored  to  illustrate  and  point  out  the  consequen- 
quences  of  the  statement  of  Baron  Cuvier,  '^  that  the  order  which  the 
cosmogony  of  Moses  assigns  to  the  different  epochs  of  creation,  is 


*  Syst.  do  Monde,  book  v.  chap.  5. 
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precisely  the  «ame  as  that  which  has  been  deduced  from  geological 
considerations."  We  have  been  guilty  of  no  improper  mixing  up  of 
divine  and  human  ihing^.  We  hare  examined  the  meaning  of  the 
terms  in  the  first  chapter  of  Genesis,  in  consistency  with  the  acknowl- 
edged rules  of  criticism,  and  only  by  the  light  contained  within  itself, 
6T  that  thrown  upon  it  by  the  other  books,  in  the  same  language  with 
which  it  is  associated^  The  human  science  we  have  not  extracted 
from  any  part  of  the  Holy  Scriptures ;  we  have  taken  it  simply  as 
w'e  find  it  in  the  works  of  Eminent  geologists.  As  the  latter  is  not  a 
philosophia  phantastica,  but  a  deeply  interesting  seiencct  conetmcted 
by  that  method  of  careful  observation  and  cautious-  induction,  which 
Bacon  was  himself  the  first  to  reccommend ;  so  neither  can  the  sense 
of  th^  Bcriptures  'present  to  us  a  religio  hcretica.  If  our  scieiiee, 
thus  constructed,  and  our  ^religion  speak  so  obviously  the  ssine  las- 
guage,  as  wc  see  they  do  on  one  important  point,  what  else  in  the 
strictest  application  of  Bacon's  philosophy,  can  we  deduce  from  the 
circumstance,  but  that  both  are  certainly  true  ? 

It  does  not  come  under  our  present  subject  to  discuss  the  historical 
and  moral  evidences  of  the  divine  revelation  of  the  Scriptures ;  but 
both  are  so  full,  even  to  overflowing,  and  impose  upon  us  so  many 
insuperable  difiiculties,  in  the  way  of  ogr  being  able  to  account  for 
the  quality  and  consistency  of  these  remarkable  books,  excepting  on 
the  ground  which  has  been  all  along  assumed  by  themselves,  that  they 
are  of  more  than  human  origin,  that  in  estimating  the  accuracy  of 
any  part  of  the  matters  contained  in  them,  the  fastidiousness  of  hu« 
man  science  appears  to  be  carried  to  tm  unreasonable  extent,  not  to 
take  these  evidences  into  calculation.'  In  this  country,  where  for  a 
long  period,  we  liave  had  the  scriptures  in  our  hands  as  a  popular 
book,  they  among  us  who  have  been -the  most  eminent  dbr  human 
learning  and  science,  and  whose  fame  has  been  in  every  view  the  moot 
unsullied,  have  been  so  convinced  by  the  force  of  these  evidences, 
that  they  have  in  general  been  the  roost  strenuous  defenders  of  reve- 
lation. 

Will  not  human  science,  then,  condescend  to  borrow  some  light  to 

direct  the  steps  of  its  own  inquiries,  from  a  record,  the  accuracy  of 

which  it  has  itself  proved,  and  which  is  supported  by  other  prools  of 

the  highest  order?  Or,*  what  should  we-  say  to  the  illustrator  of  the 

relics  of  Pompeii  and  Herculaneum,  who  should  reject  the   light 

■  - — 1  ■      ■■ *  ■  ■■  . 

•  The  other  part  of  this  argument,  we  attempted  to  illostrate,  in  the  first 
of  the  present  discussion. — Ed. 
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thrown  on  (hem  by  the  letters  of  Plinj,  authenticated  as  these  are 
hy  the  existing  remains  of  the  buried  cities,  as  well  as  the' historical 
•ridence  which  is  proper  to  themselres ! 

Among  the  questions  which  geology  is  at  present  attempting  to 
flolTe,  is  that  of  a  different  temperature  of  some  regions  of  the  earth 
at  areinote  age.  The  discoyeries  of  I^allas  and  Adatas*  of  a  rhi- 
noceros and  elephant  in  Siberia,  having  coTcrings.  of  hair  fit  to  pro* 
tact  them  from  the  cold  of  the  'northern  regions,  would  seem  to  de* 
cide  the  question,  so  for  at  least  to  show,  that  there  has  been  no 
ehange  of  temperature  since  the  creation  of  animals.  But  the  quea* 
lion  does  not  seem  yet  so  satisfactorily  answered,  so  iar  back  as  to  the 
age  of  the  creation  of  Tegetables.  Does  not  the  statement  of  Gene* 
mjif  that  the  establishment  of  our  present  days  and  seasons  was  inter* 
nediate  between  the  creation  of  ?egetabUa  and  that  of  animals,  giro 
us  a  elew  to  direct  our  path  in  the  inquiry  ?''* 

4ft  A  9|  jA  ^h  aa  A  ^^  ^a  ^a  ^k^ 

HaTing  finished  this  long,  but  very  important  and  apposite  quota* 
tioD  from  Prof.  Jameson,  we  proceed  to  remark  that  we  are  aware, 
firom  much  communication  on  this  subject  with  eminent  biblical  cril* 
ics  and  divines,  how  tenacious  they  are,  of  the  common  acceptation 
of  the  word  day.  On  points  of  biblical  criticism  we  have  no.  right  to 
speak  with  great  confidence.  But  we  may  be  permitted  to  remadt, 
that  fron;^  the  best  consideration  we  have  been  Me  to  give  the  subject, 
aided  by  the  light,  afforded  both  by  criticism  and  geology,  it  does  not 
appear  necessary  to  limit  the  word  day  in  this  account,  to  the  period 
of  twenty  four  hours. 

1.  This  word  could  have  had  no  definite  application,  before  the  pre-* 
sent  measure  of  a  day  and  night  was  established  by  the  institutedv  re- 
volution of  the  earth  on  its  axis,  before  an  illuminated  sun,  and  this  , 
did  not  happen  untiVthe  fourth  day. 

%  The  word  day,'  is  used  ^ven  in  this  short  history,  in  three  senses, 
— ^for  light  as  distinct  from  darkness, — for  'the  light  and  darkness  of  a 
single  terrestrial  revolution,  or  a  natural  day ;  and  finally  for  time  at 
large. 

3.  In  the  latter  case  then,  the  account  itself  uses  the  word  day  ia 
the  sense  in  which  geology  would  choose  to  adopt  it,  that  is,  for  time 
or  a  period  of  time. 


*  On  submitting  ibe  criticisms  of  Professor  Jameson  to  an  eminent  Hebrew 
scholar,  no  fault  was  found  witk  them,  although  the  inferences  with  respect  to  ge- 
ology, were  not  admitted.-^£<^. 
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In'  the  recapitulatory  Yiew  of  the  creatiom  in'^the  beginniiig  of  the 
3d  chapter  of  Genesis, — allusion  is  made  to  the  whole  work  in  the 
expression  **  in  the  day  that  the  Lord*God  made  the  heavens  and  the 
earth." 

4.  If  the  Canons  of  criticbm  require  that  one  sense  of  the  word  day 
should  be  adopted  and  preserved  throughout  the  whole  account^  how 
are  we  to  understand  this  verse?  **•  These  are  the  generations  of  tbe 
heavens  and  the  earth  when  they  were  created,  in  the  day  that  the 
Lord  Ood  made  the  heavetis  and  tlie  earth.*^  Which  of  the  three 
senses  shall  we  adopt  ?  If  the  last,  then  the  whole  work  was  perform- 
ed not  in  six 'days,  but  in  ene  day — of  twenty  four  hours,  in  the  pop- 
ular sense ; — ^in  a  euffident  period  of  .time,  according  to  the  geolog- 
ical view*  The  canons  of  criticism  were  made  by  man  and  may  be 
erroneous,,  or  at  least,  they  noay  be  erroneously  applied ;  the  World 
was  made  by  God,  and  if  the  history  in  question  were  dictated  by 
him,  it  cannot  be  inconsistent  with  the  facts.*  ^  Vfhy.  then,  should  we 
not  prefer  that  sense  of  the  word  used  ii^  the  history  itself,  whieh  is 
in  harmony  with  the  structure  of  the.  globe.  -  It  is  said  indeed,  that 
the  account  in  the  2d  chapter  of  Grenesis  is  a  diffierent  one  from  that 
in  the  first  With  this  the  geologist  can  have  no  concern ;  since  he 
finds  both  adopted  in  a  connected  history,  he  receives  them  as  one. 

It- is  agreed  on  all  hands,  that  the  word  here  used  for  day,  is  that 
which  iii  the  Hebrew,  uibually  signified  e  period  of  24  hours  and  the 
addition  of  morning  and  evening  is  Supposed  to  render  it  certafn  that 
t|iis  is  the  real  sense  and  the  only  sense  that  is  admissible,  especially 
as  this  view  is  supported  by  the  peculiar  genius  of  the  Hebrew  lan- 
guage. 

But,  we  would  ask,  is  it  unusual  to  preserve  this  allusion  to  morn- 
ing and  evening,  when  the  word  day  is  used  for  time ;  we  speak  for 
instance  of  the  life  of  a  man  (ls  his  day^  and  in  the  same  sense  and  in 
harmony  with  this  rhetorical  figure,  we  speak  of  the  morning  and  the 
evening  of  life.  ^ 


• « 


*  No  opinion  can  be  heretical  but  that  which  is  not  tme.  Truths  can  never 
war  against  ^ach  other.  I  affirm,  therefore,  that  we  have  nothing  to  fear  from  the 
result  of  our  inquiries,  provided  they  be  followed  in  the  laborious  but  secure  rood 
of  honest  induction.  In  this  way,  we  may  rest  assured,  we  shall  nev^r  arrive  at 
conclusions  opposed  to  any  truth,  either  physical  or  moral,  from  whatsoever  source 
that  thith  may  be  derived ;  nay,  rather  that  new  discoveries  will  ever  lend  support 
and  illustration  to  things  which  are  already  known,  by  giving  us  a  larger  insight 
into  the  universal  harmonies  of  Nature.— Pro/eu^  S$dgvick's  AddrmioiktOe^ 
logical  Society,  February  19,  1890. 
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In  all  agesv  countries  and  languagest  thistweof  the  word, day  is 
liilly  sanctioned,  and  it  is  frequently  used  in  the  scriptures  in  the 
•ame  sense.*  Indeed,  it  might  not  be  too  n^uch  to  suppose  that  the 
arrangement  by  which  the  sun  was  to  measure  time  was  not  comple* 
ted  until  the  evening  of  the  4th  day^  and  ^hen  our  difficulties  will  be 
confined  to  one  day,  namely,  the  5tL  The  first  three  days,,  obvious- 
ly, could  not  have  had  the  present  n^easure  of  .time  applied  to  them ; 
and  the  work  of  arranging  the  crust  of  the  planet  was  so  far  finishedt 
by  the  eveniog  of  the  5th  day,  as  to  fit  it  for  the  reception  of  terres- 
trial quadrupeds,  which  first  appeared  on  the  6th  day,  and. finally, 
man  was  created,  as  would  appear,  at  the  conclusion.of  the  same  day; 
of  course,  the  great  geological  revolutions,  beneath  the  bed  of  the  an^ 
cient  oceaUf  must  bfave  been  so  far  finished  that  the  continents  had 
emerged,  and  thus  dry  land  was  provided,. both  for  terrestrial  quadm- 
peds  and  for  man,  neither  of  which  could,  before  this  period,  have 
existed  on  the  earth.  ^ 

In  the  usual  mode  of  understanding  the  account,  all  the  immense 
depositeof  coal,  and  of  ^vegetable  and*  aquatic  animal  remains,  with 
their  vast  stii^ta  and  mouQtains,  must  have  b^en  made  witfiia  72  hourst: 
for  there  was  no  dry  land  until  th^  third  day,  and  consequently -no 
vegetables;  they  appeared  on  that  Jlay,  aq^atic  animals  on  the  5th, 
and  land  animals,  with  man,  on  the  6th ;  but  the  latter  could  iiot,  •  as 
observed. above,  have  appeared  until  the  continents  had  emerged,  And 
consequently  marine  formations  had,  in  a  great  m^asure,^  ceased,  ex* 


•  Luke  Tvu*  24. — So  also  shall  the  son  of  man  be  in  his  day^ 

John  viii.  56. — Your  father,  Abrahatn,  rejoiced  to  see  my  day;  and  he  saw  it 
and  wa9  glad.  '  i 

3.  Peter  ill.  8. — One  day  is  with  the  Lord  a  thousand  years,  and  a  thpasaod 
years  as  one  day. 

Gefie^  ii.  4. — Thesie  are  the  generations  of  the  heavens  and  of  the  earth  w^hen 
they  were  created  in  the  day  that  the  Lord  God  made  the  earth  and  the  heavens. 

Job  »v.  6.— Turn  from  him  that  he  may  rest  till  he  shall  accomplish  as  an  hire*' 
liaghisday.  .  .  i  ^ 

Job  xviii.  20. — They  that  come  after  hij;n  shall  be  astonied  at  his  d<i/y,  as  they 
that  -went  before  were  affrighted,  (speaking  ofnhe  life  of  the  wicked.) 

Ezekul  zxi.  35.— And  thou  profane  wicked  princie  of  Israel,  whose  dayi» 
come  when  iniquity  shall  have  an  end. 

Proverbs  vi.  34. — ^For  jealousy  is  the  rage  of  a  man ;  therefore  he  will  not  spare 
in  the  day  of  vengeance. 

'  "  When  day  is  used  in  the  plural  numberi  it  often  signifies  a  year.  It  is  thus 
nsed  in  Leviticus  xxv.  29.~If  a.  man  sell  a  dwelling  boose  in  a  walled  city,  then 
he  iaoAj  redeem-  it  within  a  whole*year  after  it  i3  sold." — Biggie*  Mosaical  find 
Mineral  Geologies^  p»  161. 
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eept  sneh  as  may  have  been  going  on  ever  ainee.  "According  to  the 
popular  oDderstanding,  the  tranailion  and  secondaiy  mountuns  with 
their  coal  beda»  plants  and  animals  were  therefore,  formed,  in  two 
or  three  natural  days,  by  physical  laws,  which  is  incredible,  becanao 
it  18  impossible. 

We  cannot  conceive  therefore,  that  eren  the  limitation  of  moni' 
log  and  evening:  is  decisive  against  the  extension  which  we  would 
claim,  and  we  are  left  at  liberty  to  interpret  the  word  day  in  bakmony 
with  the  &cts  of  geology. 

It  is  granted  that  Moses  himself  might  have  onderstood  the  word  day 
according  to  the  popular  signification  and  that  this  sense  would  be  the 
most  obvious  one  to  every  mind  not  informed  as  to  the  structure  of 
the  globe ;  even  those  who  are  learned  on  other  subjects,  but  ignorant 
of  geology,  always  adopt,  in  this  case,  the  literal  and  obvious  meaning. 
This  however  proves  noifaitig;  for  the  truths  of  astronomy,  are  in  ex- 
actly the  same  situation.  Until  the  modem  astronomy  arpse,  no  one 
whether  learned  or  unlearned,  entertained  a  doubt  that  the  earth  is 
an  extended  plain ;  that  it  stands  on  a  firm  foundation,  even  <m  pillars, 
and  that  the  sun  and  starry  heavens  and  the  aztire  canopy  revolve 
around  it  as  a  centre. 

Such  is  still  the  impression  of  barbarous  nations,  but  few  even  of 
die  common  people  of  enlightened  countries  would  now  hll  into  so 
gross  to  error;  and  no  one  in  this  age  fears  that  he  shall,  lihe  Galiletv 
be  thrown  into  prison  for  declining  (on  this  subject)  to  understand^the 
scriptures  in  their  literal  sense.* 

It  is  objected  that  as  the  sabbath  is  a  common  day  and  that  as  it  is 
mentioned  in  the  fourth  commandment,  and  in  other  parts  of  the 
scriptures,  in  connexion  with  the  other  six  days,  they  ought  to  be 
fimtted  to  the  same  time. 


*  When  the  present  ^tem  of  astronomy  was  introdneed,  it  met  with  the  most 
violent  opposition  and  the  foUowing  is  the  '•<  Judgment  pronoonced  at  Rome,  in 
16S3,  only,  two  hundred  and  eleven  years  agOj  on  the  Philosophy  pf  Galileo,  and 
on  the  Philosopher  himsalf,  by  the  seven  Cardinal  InquisitorB."  *'  To  affirm  that 
the  sun  is  in  the  centre,  absolutely  imiinoveable,  and  without  locomotioB)  is  an 
absurd  proposition,  faUe  in  soand  philosophy,  and  moreover  heretiuU,  because  it 
is  expressly  contrary  to  Boly  Scripture.  To  say  that  the  earth  is  not  plaeed  in 
the  middle  of  the  world,  nor  immoveable,  is  also  a  proposition  Mhurd  unUftitt 
in  sound  philosophy*,  and  considered  theologically,  is  at  least  emaeoiis  with  res* 
peet  to  ftiith.*'  "  Whereupon  Galileo  so  refhted,  was  compelled  on  his  knees  to 
abJQre,  carse  and  detest,  the  abturditiesj  errors  and  heresies^  ^hich  the  sagacity  tf 
the  Cardinal  Reviewers  and  Inquisitors  had  discovered  in  his  writings."— jRms'i 
Campar.  EstimaU^  4^.  3d.  Ed,  Vol.  L  p.  37. 
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We  cannot  see  that  this  •  consequence  follows.  TbC' sabbath  is  a 
moral  enactment;  all  that  precedes  was  phy.sical,  relating  merely  to  the 
creation  and  arrangement  of  matter,  and  to  irrational  organized  beings; 
the  sabbath  cpuld  have  no  relation  to  rocks  and  waters :  it  was  ordained 
for  roan,  as  a  rational  being,  and  in  mercy  as  a  day  of  rest  to  the  animal 
races  that  were  to  labor  for  hin\:  it  was  a  new  dispensation  and  although 
the  same  word  is  applied  both  to  this  period  and  to  those  that  prece- 
ded, it  ^oes  not  appear  to  follow  that  they  are  necessarily  of  the  same 
length.  The  first  three  days  that  preceded  the  establishment  of  the 
relation  between  the  san  and  the  earth  could  hare  no  n^easure  of  time 
in  common  with  our  present  experience,  and  it  appears  to  be, no  un- 
warrantable liberty  to  .suppose  that  tliey  may  have  been  of  any  length 
which  th^  subject  matter  may  require,  although  those  three  days 
were  also  verbally  limited  by  morning  and  evening,  and  that  at  a  peri- 
od of  the  creation  when  there  could  have  been  no  morning  and  eve- 
ning, in  the  sense  in  which  those  words  are  now  used. 

The  revolution  of  the  earth  on  its  axis  in  presence  of  an  illumina- 
ted sun,  was  necessary  to  constitute  morning  and  evening,  and  it  must 
revolve  with  the  same  degree  of  rapidity  as  now,  in  order  to  have  con- 
stituted such  a  natural  day,  with  its  morning  and  evening  as  we  at  pre- 
sent enjoy.  But  the  sun  was  not  ordained  to  rule  the  day  until  ,the 
fourth  of  those  periods,  and  it  is  not  certain  that  the  early  revolutions 
of  the  earth  on  its  axis  were  as  rapid  as  now.  May  we  not  there- 
fore suppose  that  the  historian,  as  he  must  employ  some  term,  for  his 
divisions  of  time,  adopted  one  that  he  found  in  familiar  use,  but  that, 
it  is  not  necessarily  restricted  to  the  common  acceptation  of  the  word. 

Is  it  asked  whether  Moses  had  any  mental  reservation,  a  double  sense 
for  the  word  day — one  for  the  common  people  and  one  for  geologists ; 
wc  answer  that  it  is  very  possible  he  had  no  geological  knowledge  be- 
yond the  order  of  time  in  the  creation  which  his  history  exhibits.  It  is 
very  probable  that  fossil  and  entombed  organized  remains  and  fragmen- 
tary rocks  and  indeed  most  of  the  facts  which  geology  has  developed 
were  unknown  to  him  and  that,  as  he  told  a  story  for  mankind  at  large, 
he  told  it  in  the  same  spirit  and  with  the  same  understanding  with  which 
it  is  commonly  received.  This  however  decides  nothing  more  than  in 
the  case  of  all  the  sacred  writers  who  relate  astronomical  events^  or 
who  allude  to  astronomical  appearances  in  the  vulgar  sense,  which  is 
in  direct  contradiction  to  the  actual  state  of  facts  in  astronomy;  where- 
as geology  contradicts  nothing  contained  in  the  scripture  account  of 
the  creation;  on  the  contrary,  it  confirms  the  order  of  time  and  re- 
quires only  that  the  time  should  be  sufiiciently  extended  to  render  it 
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physically  possible — without  calling  in  the  aid  of  miracles  in  a  cue 
where  natural  successions  are  sufficient  to  account  for  the  facts. 

4.  It  has  been  supposed  that  the  succession  of  geological  events 
may  have  happened  in  the  first  ages  of  the  worlds  after  the  creation 
of  man. 

This  supposition  is  wholly  irreconcilable  with  facts.  The  great  se* 
Ties  of  geological  events  -was  inconsistent  with  the  existence  of  man 
upon  the  earth  :  they  precluded  even  the  existence  of  terrestrial  quad- 
rupeds,  which  both  geology  and  the  scripture  history  assign  to  a  late 
period  in  the  order  of  things,  the  same  period  in  the  close  of  which 
man  himself  first  appears ;  they  were,  until  the  period  immediately 
preceding,  incompatible  with  the  existence  of  any  beings  that  re- 
quired more  land  than  amphibious  reptiles;  and  the  vast  deposits  of 
fossHized  and  of  crystallized  rocks  that  preceded  the  period  of  rep* 
tiles,  demanded  an  alternate  and  concomitant  prevalence  of  water  on 
the  surfsrce,  and  of  fire  beneath,  which  were  entirely  hostile  to  die 
quiet  and  firm  state  of  the  surface,  such  as  we  see  it  now.  Beyond 
the  efifects  of  just  such  agents  as  are  now  in  operation,  water,  tem- 
perature, storms,  volcanos,  earthquakes,  &c.  we  have  no  reason  to 
suppose  that  the  earth  has  undergone  any  very  important  changes, 
affecting  the  integrity  of  its  entire  crust,  since  man  appeared  in  the 
world. 

6.  It  has  been  supposed  that  a  general  deluge  loill  account  for  aU 
the  geological  events  that  have  been  described, 
'  This  view  is  entirely  inadmissible,  except  as  to  those  superficial 
ruins  which  have  been  already  spoken  of  as  diluvial.  In  geology, 
without  reference  to  sacred  history,  a  deluge  is  a  sudden  rise  and 
overflow  of  water.     It  has  no  exact  limit  in  time,  altitude  or  violence. 

The  facts  revealed  by  geology  demand  mapy  partial  deluges,  and 
they  are  admitted  by  all  geologists,  with  greater  or  less  extent,  to 
account  for  the  transport  and  deposition  of  those  things  which  water 
alone  could  convey ;  it  is  necessary  also  to  suppose,  that  both  fresh 
and  salt  water,  either  by  rise  of  water,  or  subsidence  of  land,  alter- 
nately prevailed  and  retired  after  continuing  an  indefinite  period; 
sufficiently  long,  however,  to  give  time  for  the  various  animals  and 
plants  to  be  deposited  and  entombed,  which  we  find  in  successive 
strata,  now  marine  or  littoral,  or  pelagian,  now  of  fresh  water,  fluvia- 
tile,  or  lacustrine.  The  rise  and  subsidence  of  the  land,  by  subter- 
ranean efibrts  and  collapses,  arising  from  igneous  action,  was  the 
probable  cause  of  these  alternate  movements. 
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Our  coneern,  howerer,  in  this  discussioiiy  is  with  the  general  deluge, 
described  in  the  book  of  Genesis,  for,  we  are  writing  for  the  sake  of 
those  who  believe  in  the,  genuineness  and  authenticity  of  that  history. 
From  many  things  that  have  been  already  said,  it  is  obvious  that  the 
amazing  geological  depositions  of  the  earth  cannot  be  ascribed  to  that 
ehort,  violent  and  transient  catastrophe.  Its  genuine  effects  ar6  ex- 
actly those  which  all  geologists  ascribe  to  diluvial  action ;  namely,  the 
transportation  of  the  loose  ruins  of  mineral  masses,  and  of  the  or- 
ganic warld,  which  are  found  strewed  every  where  oveir  the  surface 
of  the  earth.  * 

Professor  Buckland,  in  his  Seliquiee  Diluvianse,  has  most  ably  illus- 
trated this  subject ;  and  it  is  obvious,  that  the  former  practice,  of  at- 
tributing the  organized  remains  found  in  the  solid  strata,  to  this  catas- 
trophe, is  founded  entirely  in  an  imperfect  acquaioitanpe  with  the  sub- 
ject, and  that  no  mautat  the  present  period,  who  had  studied  geology 
thoroughly,  would  fall  into  such  an  error. 

It  is  not  suppoBable,  however,  that  all  deposits  of  gravel',  &.C.  are 
attributable  to  a  general  deluge^  and  it  may  be  difficult  to  draw  the 
line  between  a  local  and  a  general  flood.  It  is  not  important  to  dis- 
cuss that  topic,  nor  the  objections  of  those  whp  reject  the  Mosaic  ac- 
count of  a  general  deluge.  To  them  it  is  sufficient  to  say,  that  as  the 
earth  bears  every  where  marlis  of  diluvial  action,  and  is  strewed  with 
diluvial  ruins,  every  observer  will  for  himself  assign  to  local  deluges, 
or  to  a  general  debacle,  as  great  a  portion  of  the  effects  as  may  in 
his  view  be  proper. 

To  those  who  would  assign  to  the  age^^cy  of  a  general  deluge,  the 
Tast  work  of  depositing  the  immense  solid  geological  formation^,  with 
all  their  varied  stores  of  animals,  and  plants,  and  fragments,  and.di- 
versifled  successions,  we  can  say  only,  that  such  effects,  from  such  a 
cause,  are  physically  impossible,  especially  within  the  limits  of  time 
and  under  the  circumstances  assigned  in  the  Mosaic  account.  It  is 
not  necessary  to  go  again  into  the  induction  of  particulars. 

As  to  the  loose  materials,  their  actual  disposition  and  arrangement, 
•s  we  now  see  them,  is  to  be  attributed,  chiefly,  to  a  diluvial  ocean — 
no  other  cause  being  capable  of  reaching  the  regions  remiite  from,  and 
elevated  above  the  present  great  waters  of  the  globe. 

The  arrangement  of  the  loose  materials,  on  shores  and  in  outlets, 
and  in  regions  occasionally  flooded,  is,  at  least  tq  some  depth,  and  to 
some  extent,  to  be  referred  to  agencies  now  in  operation. 

It  is  also  true,  that  water-worn  pebbles  are  produced  at  the  present 
time.    No  one  who,  on  the  sea  shore,  has  observed  the  incessiint  lash- 
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ing  of  the  waves,  and  has  listened  to  the  hollow,  hum  of  the  stones 
and  pebbles  rubbing  against  each  other,  with  eeaseless  friction,  can 
doubt,  that  rounded,  water-worn  pebbles  are  now  every  moment  form- 
ing ;  and  were  they  found  no  where  else,  except  on  the  shores,  and  in 
moving  watei^,  there  would  generally  be  no  difficulty  in  assigning  their 
origin  to  thi6  cause.  But  rounded  stones,  water-worn  pebbles,  and 
bowlders,  are  found  in  every  country,  on  the  surface  and  in  the  soil, 
and  in  regions  the  most  remote  from  the  oceam  This  of  conrse  proves 
the  universal  prevalence,  sooner  or  later,  at  once  or  sncceissively,  of 
diluvial  waters. 

Why  not  attribute  the  rounding,  as  well  as  the  position  of  the  inland 
water-worn  stones  to  the  diluvial  ocean  ?  The  answer  which  must  be 
returned,  is,  that  the  time  allotted  by  the  deluge  described  in  Genesis 
is  too  short  for  the  process  of  grinding  down  hard  stones,  which  would 
occupy  a  very  long  t)eriod.  A  general  deluge  could  transport  immense 
masses  of  th^sc  ruins,  and  deposit  them  where,  to  a  great  extent,  we 
now  find  them ;  but  it  was  not  possible  that  it  could,  in  so  limited  a 
period,  have  effected  much,  in  grinding  down  the  angular  fragments 
of  quartz*  and  of  other  hard  stones,  into  ovoidal  and  globular  pebbles, 
and  bowlders.  That  effect  appears  tb  have  been,  principally,  the  work 
of  the  earlier  oceans. 

The  form  ot  the  loose  materials,  that  cover  the  rocks<  more  or 
less',  in  every  country,  is  attributable  chiefly  to  the  wearing  effects 
of  agents,  operating,  in  all  time,  to  produce  disintegration  and  de- 
composition ;  their  present  position  may  be  fairly  attrib.uted  to  dilu- 
vial agency. 

An  ingenious  author,  Mr.  Penn,  convinced  that  the  deluge  could  not 
account  for  the  geological  successions,  has  supposed  them  to  be  form- 
ed tn  the  ocean,  between  the  creation  of  man  and  the  deluge,  at  which 
time  the  then  existing  continents  were,  as  he  thinks,  sunk,  and  the  bed 
of  the  ocean  raised,  to  form  dur  present  continents,  bringing  up,  of 
course,  all  the  marine  deposits  off  sixteen  centuries. 

It  is  not  necessary  to  discuss  this  theory.  It  is  disproved  by  the 
discovery  Ui  caverns,  and  in  the  loose  wreck,  on  the  surface  of  the 
ground,  of  immense  deposits  of  the  bones  of  terrestrial  animals,  which 
have  not  existed  in  those  countries  within  the  limits  of  human  knowl- 
edge, and  many  of  which  could  not  live  in  the  present  climates  of 
those  countries ;  for  instance,  the  tropical  animals,  elephants,  tigers, 

♦  Topaz  pebbles  are'found  on  the  shores  of  New  Holland :  vre  have  one  which 
is  perfectly  ovoidal.  /  - 
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hyenas,  hippopotami,  rhinoceros,  &>e.  are  fonnd  now  abnndantly 
in  the  diluTium  of  England,  and  consequently  England  Was  dry 
land  before  the  deluge  that  buried  these  remains,  and  therefore  the 
existing  continents  have  not  been  raised  from  the  ocean  since  the 
creation  of  terrestrial  quadrupeds,  unless  they  were  submersed  alter 
that  epoch  and  then  raised  again,  of  which  there  is  no  proof.  The 
coal  beds  also  present  indubitable  proofs  of  having*  been  formed  from 
terrestrial  vegetables,  and  therefore  they  were  not  submarine,  although 
(he  occasional  occurrence  of  a  few  marine  shells  or  plants  may  prove 
that  some  of  them  were  formed  in  islands  or  estuaries,  where  the  sea 
had  oc<^asional  access. 

The  result  of  all  our  enquiries,  then,  is  this. 

We  find  that  the  geological  formations  are  in  accordance*  with  the 
Mosaic  account  of  the  creation ;  but  more  time  is  required  for  the  ne- 
cessary events  of  the  creation  than  is  consistent  with  the  common  un- 
derstanding of  the  days.  The  history  is  therefore  true,  but  it  must  be 
understood  so  as  to  'be  consistent  with  itself  and  with  the  facts. 

It  is  agreed  on  all  hands,  that  there  may  be  time  enough  for^the 
primitive  rocks  befbre  the  first  day,  and  if  the  days  be  regarded  as 
periods  of  time,  so  as  to  allow  room  for  the  events  assigned  to  them, 
relating  to  organic  beings,  and  to  the  masses  in  which  they  are  en- 
tombed, all  difficulty  is  removed. 

On  the  contrary,  if  they  are  restricted  to  the  usual  popular  sense^ 
it  is  not  physically  possible  that  the  events  should  have  happened 
within  the  time  assigned;  but  they  did  happen,  and  as  there ^was  no 
call  for  miracles  in  cases  where  natural  operations  alone  were  sufii* 
cient,  there  can  be  no  doubt  that  sufficient  time  was  allowed. 

It  is  scarcely  necessary  to  remark,  that  after  the  order  and  arrange- 
mclit  of  the  creation  were  fully  es<tablished,  and  man  appeared  on  the 
earth,  the  measures  of  time  were,  without  doubt,  the  same  a^  now,  and 
therefore  we  are  not  at  liberty,  as  there  is  clearly  no  occasion,  to  re- 
gard them  in  any  other  than  the  usually  accepted  sense. 

It  is  no  valid  objection  io  the  supposition  of  more  time  than  is  com- 
monly allotted  to  the  Week  of  the  creation,  that  there,  were  no  human 
beings  to  be  spectators  of  the  work.  Even  upon  the  popular  view, 
they  were  excluded,  because  the  human  race  did  not  appear  until  the 
very  last  act  of  the  creation.  Had  they,  however,  been  co*existent, 
they  would  scarcely  have  understood  what  was  passing,  as  most  of  the 
geological  facts  were  veiled  by  the  ocean.  But  there  were  not  want- 
ing spectators ;  God,  and  angelic  beings,  far  superior  in  intelligence 
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and  dignitj  to  man,  looked  on,  and  in  the  beautiful  and  bigUy  figure 
tire  language  of  the  hiatoiy — '*the  morning  stars  eang  together,  and 
all  the  sons  of  God  shouted  for  joy*" 

Before  closing  these  remarks,  we  will  respectfully  submit  a  few  sug* 
gestions  for  the  consideration  of  two  very  different  descriptions  of  per* 
sons,  namely,  those  who  dtny^  and  those  v>ho  defend,  the  truth  of  the 
Mosaic  history. 

To  the  former  class,  so  far  as  they  are  geologists,  we  will  say,,  that, 
in  relation  to  geology,  any  attempt  to  disprove  the  truth  or  genuine^ 
ness  of  the  pentateuch,  and  of  Genesis  in  particular,  is  wholly  super- 
fluous, and  quite  aside  from  any  question  that  can,  in  this  age,  be  at 
issue  between  geologists.  No  geologist,  at  the  present  day,  erects  any 
system  upon  the  basis  of  the  scripture  history,  or  of  any  other  history. 
Still,  historical  coincidences  with  natural  phenomena  have  always 
been  regarded  as  interesting,  because  they  are  mutually  adjuyant  and 
confirmatory.  The  letter  of  Pliny,  describing  the  death  of  his  uncle, 
would  hare  been  true,  although  He/'culaneum  and  Pompeii  had  neret 
been  discovered ;  and  it  would  haVe  been  true  that  those  towns  were 
oyerwhelmed  by  a  yolcanic  eruption,  although  the  letter  of  Pliny  had 
never  been  written ;  or  being  written,  if  it  had  been  false  as  to  the 
main  fact  of  the  death  of  the  elder  Pliny,  or  of  there  having  been  an 
eruption  at  the  time  assigned  in  that  writing.  But  the  existence  of 
the  letter,  pnd  its  coincidence  with  the  facts  revealed  by  the  discov- 
ery of  the  buried  cities,  flash  conviction  upon  every  mind,  and  affofd 
some  of  those  firm  points  of  reliance  upon  which  our  confidence  re- 
poses with  delight.  Now  if  there  is  not  suficient  proof  in  the  appear- 
ance of  the  earth,  that  it  was  for  a  long  time  covered  by  water,  and 
that  the  waters  deposited,  in  the  then  forming  strata  and  mountains, 
ihose  organic  bodies,  of  aquatic  origin,  which  we  find  entombed  in 
them,  then  no  geologist  of  the  present  day  would,  on  the  authority  of 
the  first  chapter  of  Genesis  alone,  assume  the  fact  of  terrene  submer- 
aion,  as  the  basis  of  his  reasoning  and  as  the  foundation  of  a  geolo- 
gical system. 

In  the  same  manner,  if  he  find  on  the  face  of  the  earth  no  prooft 
of  diluvial  devastation ;  if  there  be  nothing  to  evince,  that  mighty 
rushing  waters  have  torn  up  and  transported  to  a  distance  the  move* 
able  materials  of  the  surface ;  then,  as  a  geologist,  he  will  never  as- 
sume the  Mosaic  account  of  the  deluge  as  the  basis  of  a  system  of  dilu- 
vial agency,  any  more  than  he  will  build  siqrilar  conelusions  upon  the 
poetry,  (bbles  and  mythology,  or  even  upon  the  history,  of  the  ancients. 
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But  if  bo  diseorer  proofs,  and  those  too,  gfonerally  admitted  by  well 
Infltnicted  geolo^sts,  of  both  the  stupendous  eirents  named  above,  or 
of  a  succession  and  dirersity  of  such  events,  sufficient,  on  the  whole, 
to  mark  the  entire  earth,  by  their  appropriate  effects ;  if  then  he  finds 
a  history  of  high  antiquity,  and  generally  revered  wherever  it  is  known, 
describing  such  a  state  of  things  aS  the  condition  of  the  planet  reveals, 
what  rule  of  science  or  of  philosophy  can  debar  him  from  bringing 
the  two  into  comparison,  for  mutual  illustration,  as  is  always  done  in 
the  ease  of  other  antiquities.  Why  should  any  one  object  to  his  apply- 
ing the  terms  of  the  history,  as  he  understands  them,  and  then  meas- 
uring the  phenomena  by  them,  and  them  by  the  phenomena.  If  they 
agree,  surely,  it  is  reasonable  that  eonriction  should  receive  augment- 
ed strength  in  his  mind.  Should  they,  however,  disagree,  the  phe- 
nomena, if  correctly  observed  and  correctly  reported,  will  still  be  true, 
and  the  credit  of  the  history  will,  of  course,  be  impaired.  Should, 
moreover,  the  genuineness  or  authenticity  of  the  history  be  disproved, 
from  other  sources  than  the  phenomena,  the  latter  will  still  remain  in 
sJl  the  obstinacy  of  fact,  which  history  may  indeed  illustrate,  but  can- 
not, on  the  contracy,  disprove.  If  the  history,  on  the  other  hand,  be 
confirmed  by  the  natural  phenomena,  it  has  then  received  the  greatest 
confirmation  possible,  and  may  well  exult  in  so  powerful  an  ally; 

Should  it,  in  the  case  of  the  pentateuch,  be  proved  even,  that  there 
was  never  any  such  person  as  Moses,  or  that  the  books  that  pass 
under  his  name  were  written  by  others,  or  that  they  are  compila- 
tions of  ancient  and  vague  traditions,  or  even  of  reputed  or  real  fables, 
this  would  not,  in  the  least,  affect  the  system  of  geological  truth  that 
has  been  erected  by  an  ample  course  of  investigation  and  induction. 
But,  as  long  as  the  Mosaic  history  is  admitted  to  be  both  genuine  and 
true<,  any  geologist  who  receives  the  history  in  that  character,  may, 
with  strict  historical  and  philosophical  propriety,  illustrate  the  hfstory 
by  geology,  and  compare  geolpgy  with  the  history. 

This  he  will  do  merely  on  the  ground  of  historical  and  geological 
coincidence,  and  without  drawing  for  the  support  of  his  scientific 
views  upon  any  portion  of  his  moral  feeling;  towards  a  work  Which, 
as  an  individual,  he  may  revere  as  a  communication  from  his  Maker 
for  purposes  far  more  important  than  the  establishment  of  physical 
troth. 

To  personal  imputations  on  his  motives,  his  science  or  his  skill,  or  on 
those  of  eminent  philosophers  With  wh6m  he  has  the  honor  to  think  and 
to  act,  while  he  leaves  the  case,  with  the  grand  inquest  of  the  learned, 
the  candid  and  the  wise,  he  will  reply  in  no  other  manner  than  by  ex- 
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pressing  the  hope  that  powerful  and  cultivated,  but  nnbelievijig  min^ 
may  be  influenced  to  see  the  harmony  of  all  truth,  whether  histori- 
cal, moral  or  physical,  and  to  remember  that  man  is,  after  all  his  ac- 
quirements in  knowledge,  .a  being,  so  darkly  wise  and  rudely  great,  thai 
he  is  constantly  in  danger  of  deviating  into  error,  especially  on  subjects 
that  have  a  moral,  as  well  as  a  physical  bearing.  While,  therefore, 
in  geology,  as  well  as  in  other  sciences,  we  fully  approve,  and  hum- 
bly follow  th«  course  of  rigid  induction-^ the  only  safe  and  truly  phi- 
losophical process  of  invesUgation,  and  basis  of  physical  truth,)  we 
hold  it  to  be  entirely  proper  in  a  scientific  view,  to  avail  ourselves  of 
every  apposite  historical  fact,  from  whatever  credible  source  it  may 
be  derived.  Indeed,  no  geologist  hesitates  to  cite  history,  travels, 
personal  narrative,  and  even  poetry  and  tradition,  in  confirmation  or 
illustration  of  earthquakes,^  floods,  or  volcanic  eruptions ;  of  the  ri- 
sing or  sinking  of  islands ;  of  alluvial  increase  or  destruction ;  of  rap- 
tures of  the  'barriers  of  lakes,  irruptions  of  the  sea-~or  whatever  other 
fact  may  be  the  subject  of  his  investigation.  Why  then  should  the 
scripture  history  form  the  only  exception  among  historical  author- 
ities !  • 

Having  made  these  suggestions  to  those  geblogists  who  are  not 
believers  in  divine  revelation,  we  will  now  add  a  few  remarks  to  be< 
lievers  who  are  not  geologists. 

The  subject  before  us  is  not  one  which  can  be  advantageously  dis- 
cussed with  the  people  at  large.  A  wide  range  of  facts,  and  an  exten- 
sive course  of  inductioi),'  are  necessary  to  the  satisfactory  exhibition 
of  geological  truths,  and  especially  to  establish  their  connexion  and 
harmony  with  the  Mosaic  history.  It  is  a  subject  exclusively  for  the 
learned,  or  at  least  for  the  studious  and  the  reflecting ;  but  it  can  no 
longer  be  neglected  with  safety,  by  those  whose  province  it  is  to  il- 
lustrate and  defend  the  sacred  writings.  The  crude,  vague,  unskilful, 
and  unlearned  manner,  in  which  it  has  been  too  often  treated,  when 
treated  at  all,  by  those  who  are,  to  a  great  extent,  ignorant  of  the 
structure  of  the  globe,  or  who  have  never  studied  it  widi  any  efficient 
attention,  can  communicate  only  pain  to  those  friends  of  the  bible, 
who  are  perfectly  satisfied,  after  full  examination,  that  the  relation  of 
geology  to  sacred  history,  is  now  as  little  understood  by  many  theo- 
logians, and  biblical  critics,  as  astronomy  was  in  the  time  of  (xalileo. 

There  is  but  one  remedy ;  theologians  must  study  geology,  or  if 
they  will  not,  or  from  peculiar  circumstances,  cannot  do  it^  they  musl 
be  satisfied  to  receive  its  demonstrated  truths  from  those  who  have 
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learned  them  in  the  most  efieetual  way,  not  oi|^^KZ  %h&i^  wi  T  X 

abroad  on  the  fiice  of  nature,  and  in  her  deep 

then  be  convinced  that  geology  Ib  not  an  enemy,  bul 

ed  religion ;  that  the  subject  is  not  to  be  mastered  by  meTecrlticIiJm ; 

that  criticism  must  be  applied  to  facte,  as  well  as  to  words,  and  that 

there  is,  at  most,  only  an  apparent  incongruity — an  incongruity  which 

▼anishes  before  in?estigation. 

The  mode  in  which  the  subject  is  now  treated,  or  neglected,  by 
many  theologians  and  critics,  (not  by  all,  for  there  are  honorable  ex- 
ceptions,) is  not  safe,  as  regards  its  bearing  on  the  minds  of  youth. 
If  they  go  forth  into  the  world  in  (he  stiffness  of  the  letter,  and 
without  the  knowledge  or  proper  application  of  the  facts,  it  is  im- 
possible that  they  should  sustain  themselves  against  those  who,  with 
great  knowledge,  and  no  reverence,  may  too  powerfully  assail  what 
they  cannot  defend.  In  the  pulpit,  however,  geology  can  be  but 
very  imperfectly  explained,  even  by  him  who  undei'stands  it ;  for  it 
is  impossible  that  he  should  there,  intelligibly  and  adeq.uately  ex- 
hibit his  proofs;  they  rest  on  a  multitude > of  facts  .unknown  to  a 
common  audience ;.  and  they  are  too  dependent  on  specimens,  sec- 
tions and  other  graphical  illustrations,  to  be  understood  in  such 
Gircnmstances,  especially  by  those  who  have  enjoyed  no  mental  prep- 
aration in  kindred  sciences,  and  in  courses  of  inductive  reasoning* 
As  the  subject  has  no  other  connexion  with  our  faith  as  Christians, 
than  so  far  as  it  affects  the  credibility  of  the  early  scripture  history,  it 
is  therefore  wise,  as  to  the  literal  sense  of  the  days,  not  to  disturb  the 
early  and  habitual  impressions  of  the  common  people,  or  even  of  the 
enlightened,  who  are  ignorant  of  geology.  Any. discussions  before 
such  audiences,  and  in  such  circumstances,  ivilh  be  misunderstood,  or 
not  understood  at  all,  *  and  will  only  prejudice  the  reputation  of  the 
speaker,  without  benefitting  the  hearer. 

This,  however,  does  not  excuse  th^  theologian  from  being  fully 
prepared  to  meet  the  subject,  in  other  places,  and  in  situations,  where 
it  will  be  forced  upon  his  attention..  .It  ia  apart  of  the  panoply^ of 
truths  in  which  he  should  be  fully  dad^  although  be  may  rarely  draw 
his  bow,  and  perhaps  never  let  fly  an  arrow  from  his  appropriate 
watch  tower. 

As  the  case  now  stands,  with  respect  to  most  theologians  in  this 
country,  the  geological  arguments  in  support  of  the  Mosaic  history, 
although  powerful  and  convincing,-  are  unknown  and  neglected,  or 
they  are  avoided ;  and  of  course  they  can  be,  and  they  actually  are» 
by  some  few  geologists,  turned,  with  too  much  success,  against  the 
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sacred  records ;  it  remains  with  the  defenders  of  those  records  to  sqr^ 
whether  the  purloined  weapons  shall  be  returned  to  the  armory  where 
they  properly  belong,  and  from  which  they  may  be  again  at  any  time 
drawn  forth,  for  efficient  use. 

Theologians  who  were  trained  before  geology  was  understood,  and 
before  i^  was  possible  to  acquire,  in  our  seminaries,  an  adequate  know!* 
edge  of  its  elementary  truths,  are  not  included  in  these  remarks^  and 
we  are  happy  to  observe  tlie  increasing  attention  which  is  paid  to  the 
subject  by  most  of  the  students  <n  theology  who  come  within  <mv 
personal  view. 

These  suggestions  ha?e  been  hazarded,  with  the  sincere  and  earnest 
hope  of  doing  good,  especially  to  thos0  who  greatly  neglect  a  aobject 
of  high  interest,  which  it  must  concern  them  to  know.  But  it  win  he 
no  new  case,  should  a  mediator  between  hostile  armies  fiul  to 
conciliate  either  party,  and  only  provoke  the  artillery  of  both ;  nor 
would  it  create  either  surprise  or  displeasure,  should  the  writer 
of  these  remarks.be  regarded  as  being  too  geological  for  the  t&eo2o> 
gianSf  as  heu  certainly  too  theological  for  sotM  of  the  geotogists. 
Among  the  latter  are,  however,  not  a  few  who  xegm^  moral  truth 
with  quite  as  high  interest  as  physical,  and  who  are  anxious  to  prove, 
that  where  others  discover  only  discord,  there  is  a  principle  of  hamo- 
nj,  which  a  skilful  hand  may  draw  forth,  in  tones  delightful  to  every 
discriminating  ear. 


REMARK. 


Supposing  that  there  are  inhabitants  at  the  poles  of  the  earth,  how 
might  they  understand  tlie  days  of  the  creation  ?  to  them  a  day  of  Mght 
is  six  months  long,  and  a  night  of  darkness  19  six  months  long,  and 
the  day,  made  up  of  night  and  day,  covers  a  year,  and  it  is  a  day  too, 
limited  by  morning  and  evening. 

Such  persons,  therefore,  must  suppose,  upon  the  popular  under-, 
standing  of  the  dfiys  of  the  creation,  that  at  least  six  years  were  em* 
ployed  on  the  work.  So  at  the  polar  circles,  there  is,  every  year, 
one  day,  that  is  one  continued  vision  of  the  sun  for  24  hours,  and  one 
continued  night  of  ^  hours;  while,  every  where  within  the  polar oir* 
des,  the  days  and  the  nighta  respectively  are  for  six  months,  more 
Chan  94  hours,  extending  even  as  we  advance  towards  the  poles, 
through  the  time  of  many  of  our  days  and  nights.  How  are  these 
people  to  understand  the  week  of  the  creation,  if  limited  to  the  popu- 
lar view  entertained  in  countries  between  the  polar  circles  T     - 


467 


INDEX. 


A. 


Abvmes  de  Mjfans,  316. 

AiimofUine  spar,  or  crystallized  ala- 
mine,  33. 

Agate,  nodules  of  in  waeke  and  basalt, 
143. 

JkgeSf  reUUivej  of  rocks  and  strata, '47, 
53.;  how  to  be  ascertalDcd,  337, 338 ; 
evidence  of  f^om  position  and  organic 
remains,  838;  or  the  falams  of  the 
Loire,  844 ;  of  volcanoes,  861. 

Ag€j  geological^  of  palsotberia,  of  mas- 
todons, of  elephants,  843. 

AiguiUeSj  or  needle-shaped  granitic 
roclcs  in  the  Alps,  53, 59. 

Aig%iUede  Dru^  a  pyramidal  granitic 
monntain,  4000  feet  high,  59. 

Mfine  limestonef  or  eaicairt  atfin,  100 ; 
errors  concerning  it,  154. 

Alpnach^  strata  of^  tooth  of  the  masto- 
don found  there,  885;  series  of  the 
strata,  385. 

'  cocJL  mine,  bones  of  l^ge  mam- 

malia in  it,  131. 

AUuvial  depositions,  or,  mnd  and  sand 
brought  down  by  rivers,  313 ;  instan- 
ces of  in  the  Yellow  Sea,  331 ;  in  the 
Gnlf  of  Mexico,  ib. ;  in  the  Nile,  333. 

AUemation  of  marine  and  freshtcater 
formations,  319. 

Alumine,  or  pure  clay,  one  of  the  rarest 
substances,  33;  the  sapphire  is  crys- 
tallized alnmine,  ib. 

Alum  shale,  181, 183. 

America,  North,  great  western  coal  field, 
the  largest  in  the  known  world,  368. 

America,n  sea  serpent,  conjectures  re- 
specting it,  313. 

lakes,  a  table  of,  317. 

Amphihole.    See  Hornblende. 

Amygdaloid,  130;  containing  kernel- 
shaped  cavities  filled  with  mineral 
matter  of  a  different  kind,  38, 130, 143. 

Amygdaloidal  basalt  or  tcacke,  143 ;  co- 
raUite  found  in,  t^. ;  alternates  with 
limestone,  144. 

Ancient  condition  of  England,  Mr. 
Mainell's  description  of,  196. 

Andes,  seat  of  active  to1canoeS|  67; 
Humboldt's  account  of,  ib. 

Angle  of  inclination  explained,  39*,  43. 

Anhydrous gypsnm,  devoid  of  water,  43 ; 
occurs  in  Dieds  in  the  Alps,  ib. )  harder 
than  common  gypsum,  ib.;  and  see 
Gypsum. 


Animal  kingdom,  division  of  by  Cnvier 
into  radiated,  articnlated,  molloscous, 
and  vertebrated,  31. 

Anoplolkerium,  an  extraordinary  quad- 
ruped, found  in  the  Paris  gypsum,  338. 

Anthracite,  a  species  of  coal  that  bums 
without  smoke,  109,  110;  of  Penn- 
sylvania, a  variety  of  common  coal, 
133. 

Anticlinal  line,  what,  43. 

Argillaceous  schistus.    See  Slate. 

Artesian  wells,  borings  for,  general  in 
France  and  Germany,  363. 

Articulated  animals,  81, 88. 

Asbestus  occurs  in  the  partings  between 
beds  of  serpentine,  78. 

Ashby-de4a'Zouch  ceiat  field,  section  of, 
116. 

Asia  Minor,  tremendous  earthquakes 
in,  about  the  fourth  century,  8^. 

Astronomical  causes  that  might  increase 
the  ancient  temperature  of  the  globe, 
359. 

Atmosphere,  probably  denser  in  a  former 
state  of  the  globe,  363. 

Augite,  80. 

Auvergne,  geology  of,  i$6',  basalt  of, 
143. 

Ava,  fossil  bones  from,  334. 

lyAvilla,  M.,  his  interesting  work  on 
conchology,  and  the  habits  of  mollos- 
cous animals,  39. 


B. 


Bagshot  Heath  sand  beds  rest  on  Lon- 
don clay,  333. 

BakevjeUy  Mr.  Robert,  of  Dishley,  his 
experiments  on  varieties  of  bre<^  in 
dinerent  animals,  341. 

Balkstone,  93. 

Basalt,  one  of  the  family  of  trap  rocks 
(Chap.  IX.^,  composition  and  varie- 
ties of,  130;  passage  of  basalt  into 
phonolite  or  clinkstone,  and  into  pitch- 
stone  and  trap-porphyry  and  trachyte, 
ib. ;  passage  or  basalt  into  a  remarkar 
ble  porphyry  at  Ghristiania  in  Nor- 
way, 1^1;  basaltic  dykes,  133,  134; 
Cleveland  basalt  dyke,  135 ;  remark- 
able expansion  of  abasaltic  dyke,  137, 
and  cut  of,  138;  imbedded  basalt,  138; 
pirotruded  basalt,  139:  columnar  ba- 
salt of  the  Giant's  Causeway,  141; 
the  Isle  of  Egg,  14Sf;  of  Iceland  and 
Auvergne,    1«; 


earthy  basalt  or 
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wacke  with  agates  at  Woodford 
bridge,  14?;  organic  remains  in,  144; 
alternations  of  basalt  with  limestone 
in  Sicily,  144;  basalt,  experiments  on, 
by  Mr.  G.  Watt,  146 }  by  Sir  James 
Hall,  ib.;  theory  of  basalt  by  Wer- 
ner, its  opposition  to  facts,  148;  basalt 
of  Massachusetts  and  Nova  Scotia, 
149. 

B»arSf  fossil  species  found  in  caverns, 
supposed  to  be  extinct,  307. 

Beaumont,  M.  Elie  de,  his  division  of 
(he  tertiary  strata,  243 ;  on  the  eleva- 
tion of  mountain  ranges.  See  Ele- 
vation. 

Beds.  .  If  a  stratum  exceed  two  or  three 
yards  in  thickness,  it  is  generally  call- 
ed a  bed,  39. 

Bind  or  clunch,  argillaceous  beds  in  coal 
strata,  103, 116, 

Birds,  fossil  remains  of  rare,  24;  found 
in  Stonesfield  slate,  23 ;  and  in  the  Pa- 
ris bason,  24. 

Bitumen,  111. 

Black-lead,  or  plumbago,  110. 

Blocks  of  rock,  transportation  of,  314 ; 
scattered  on  distant  mountains,  355; 
speculations  on  the  mode  of  their 
transportation,  ib. 

Blue  Jokn.    See  Fluor  Spar. 

Boiling  springs.  See  Thermal  toalers, 
267. 

Bones,  analyses  of,  26.   , 

■  fossil.    See  Organic  Remains. 

BotaUackmir^einCoTU'WBW,  290. 

Boy4,  Sd.,  a  distinguished  continental 
geologist,  his  opinions  respecting  fos- 
sil conchology.    See  Preface. 

Bove^  or  wood  coal,  1 12,  120. 

Breccia,  angular  fragments  of  rocks  ce- 
mented together,  38. 

Brighton  cliffs,  in  some  parts  similar  to 
jNorfolk  Crag,  236;  teeth  of  the  ele- 
phant and  horse  found  in  them  by  Mr. 
Mantell,  ib. 

Brongniart,  M.  Adol.  bis  geological 
classification  of  vegetables,  30,  111. 

— ^< ,  M.  AU.C.  115,  218. 

Bur kland,  Professor,  his  discoveries  at 
Kirkdale  cave  gave  a  new  impulse  to 
geology,  308;  his  account  of  cavern 
bones,  309 ;  conjectures  respecting  the 
flying  lizards  at  Stonesfield,  23. 

Burntwood  quarry,  115;  vegetable  re- 
mains in,  lb. 

Burrh  stones  or  millstones,  232. 


Catier  Idris,  crater  of,  132;  colunmar 

basalt  of,  142. 
Calcaire  grassier,  or,  coarse  limestone 

of  Paris,  226 ;  organic  remains  in,  ib. ; 

not  found  in  England,  227;  fonnaaon 

of  in  South  America,  ih^ 


Calcotire  iilieeiuz  of  the  Paris  bason 
227;  famishes  mill-stones,  ib.i  sili- 
ciale  of  magnesia  discovered  in,  «^. 

Calcareous  sandstone  of  AnstnUasia,  of 

'  Cornwall,  of  Guadaloupe,  15,  329. 

spar,  crystallized  limestone, 

many  hundred  forms  of,  37. 

strata^  formation  of,  Chap. 


XV.  206. 

-^  tufa,  395. 


Carbon,  or  charcoal,  forms  a  constituent 
part  of  many  slate  rocks,  33;  the 
principal  constituent  part  of  coal,  ib.  ; 
combined  with  oxygen  forms  carbonic 
acid,  t^. ;  an  original  element,  111, 
the  principal  constituent  part  of  veg- 
etables, 101;  from  whence  derived, 
110. 

Carbonate  of  lime,  or  limestone,  37. 

Carbonic  acid,  or  fixed  air,  forms  a  con- 
stituent part  of  limestone  rocks,  33; 
favorable  to  vegetation,  111. 

Carboniferous  limestone,  an  inappropri- 
ate term,  97. 

Caverns,  formation  of,  Chap.  XX.  300; 
chiefly  occur  in  limestone  rocks,  ifr.; 
subterranean  currents  and  rivers  in 
caverns,  300—304;  at  Ad]esberg,30l, 
305;  in  the  isle  of  Thermia,302;  of 
Gaylenreuth,  305;  of  Kirkdale,  306 ; 
of  Miallet,  307,386;  caverns  in  the 
south  of  France,  &c.,  with  human 
bones  and  bones  of  extinct  species  of 
quadrupeds,  305, 307;  cavern  of  Ran- 
cogue,  near  Angoul^me,  full  of  hu- 
man and  quadrupedal  bones,  306;  tra- 
ditions of  its  having  been  a  place  of 
refuge,  t^. 

Caverns,  English,  in  which  ibssil  bones 
have  been  discovered,  306. 

Caiek,  or  sulphate  of  barytes,  293. 

Cellular,  full  of  pores  or  rounded  cavi- 
ties, as  in  some  lavas,  55. 

• plants,  39. 

Celts  ancient,  resided  in  caverns,  306 ; 
destroyed  by  Cassar  in  their  caverns, 
ib. 

Central  hial,  in  the  earth,  3,  282;  opin- 
ions respecting  it,  361— -363. 

Cetaceous  anineUs  allied  to  the  whale 
and  seal ;  fossil  remains  of  not  com- 
mon, 24. 

Chalcedony,  203. 

Chalk  strata,  formation  of  by  aqueous 
eruptions,  holding  calcareous  earth  in 
solution  or  suspension,  908, 209. 

— ,  Chap.  XIV.  200;  scarcely  any 
trace  of  in  Scotland,  but  occurs  in 
Ireland,  t^.  /  fossil  remains  in  exclu- 
sively marine,  200,  203;  vegetable  re- 
mains in  very  few,  ^04;  equivalent 
of,  disco vered'by  Dr.  Morton,  in  North 
America,  associated  with  tertiary 
beds,  ib. ;  ligiiite,  bed  of,  in  the  lower 
rhalk  near  Rochelle,  ib. ;  scaglia  m 
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the  Tyrolese  AIds,  a  variety  of  chalk, 
906;  occurs  with  lias  and  oolite  in 
Satrojr,  ib,;  in  a  Uqaid  stale,  ejected 
frdm  the  volcano  of  Macalaba  u  Si- 
cily, 209;  the  foundation  rock  round 
Paris,  218. 

Ckarnwood  Forrest^  granite  of,  more 
ancient  than  that  of  the  Alps,  152, 
336 ;  sandstone  of,  rests  unconforma- 
bly  on  beds  of  slate  and  granite,  336. 

Ck&teatk  Landon,  freshwater  lin^tone 
or  marble  of,  ^2. 

Ckertj  in  mountain  limestone,  94. 

CkesMre,  rock-salt  of,  171. 

Chili,  earthquake  there  in  1822,  68; 
coast  permanently  raised  by,  ib. 

CAimborassOf  in  the  chain  of  the  Andes, 
above  one  mile  higher  than  Mont 
Blanc,  62. 

Chlorite  (from  ehiaros,  green),  nearly  al- 
lied to  talc,  35;  constituent  parts  of, 
ib. 

<^lassi^ficaiionj  general,  of  rocks,  6 ;  new 
classification  into  igneous  and  aque- 
ous, 55;  classification  -of  primary 
rocks,  56;  of  'transition  rocks,  83; 
coal  formation  intermediate  between 
transition  and  secondary,  101  -;  secon- 
dary strata,  classification  of,  159;  of 
the  secondary  strata  of  Germany,  by 
R.*J.  Mnrcnison,  189;  classification 
of  tertiary  strata  round  Paris,  219 ;  of 
the  upper  tertiary  strata  in  various 
parts,  Chap.  XVII.  237;  classification . 
of  the  animal  kingdom  by  Cuvier, 
21 ;    of  the  vegetable  kingdom,  26. 

Clay  iUUe.    See  Slate.     '       '     ■ 

stoThe.  130 ;  of  Braid  Hill  resembles 

the  trachyte  of  Auvergne,  273. 

Cleavage  of  slate  mistaken  for  stratifica- 
tion or  strata  seams,  45. 

dermonl.    See  Auvergne. 

Cleveland,  basaltic  dyke,  135 ;  hills  of, 
arrangement  of  strata  in,  188. 

Clinkstone,  or  phonolite,  130,  133. 

Claudes  Hill  dolomite  limestone,  singular 
stratification  of,  90. 

Clunch,  or  indurated  clay,  103. 

Coal,  Chap.  VIII.  101;  mineral  varie- 
ties of,  109 ;  coal  basons  or  coal  fields, 
foundation  rocks  on  which  they  rest, 
101, 1(M2;  series  of  strata  comprising 
a  coal  field,  1Q3 ;  coal  fields  deranged 
^y  faults,  105,  106;  coal  strata,  posi- 
tion of,  illustrated,  107;  iron  stone  ac- 
companying coal,  fre(^uent  alterna- 
tions of,  115;  sinking  lor  coal,  108; 
searching  for  coal  in  new  situations, 
122;  coal  field  of  Derbyshire,  depth 
and  structure  of,  102;  coa)  field  of 
Stafibrdshire,  remarkable  bed  in,  107; 
of  Ashby  Wolds,  section  of,  116;  coal 
field  of  South  Wales,  the  largest  in 
Great  Britain,  104,  126;  coal,  dura- 
tion of  in  Northumberland  and  Dur- 


ham, 124,  87D;  eotl,  conversion  of 
vegetable  matter  into,  118;  coal,  for- 
mation of  in  freshwater  lakes  and 
marshes,  101,113;  lower  coal  formar 
tions  intermixed  with  marine  beds, 
103 ;  coal  called  wood  coal  or  lignite, 
112,120;  at  Cologne,  112;  wood  coal 
elucidates  the  formation  of  mineral 
coal,  112. 

Coal  field  of  tke^  vaUey  of  the  Miisis- 
sippi,  the  largest  in  the  workf,  368; 
its  position  illustrates  the  formation  of 
coal  fields,  t^. ;  369. 

^/<i«,^rincipal  of  England  and 

Wales,  373. 

— ^ /orma^toi»5  in  France,  123. 

strata  in  the  Yorkshire  oolite,.  185. 

Coast  of  Malabar,  elevation  of,  321. 

Conybeare,  the  Rev.  W.  D.,  on  fossil 
saurian  animals,  180, 181. 

Col  de  Balme,  53. 

Cols,  or  depressions  in  mountain  ranges, 
their  formation  explalhed,  354;  pas- 
sages over  the  Alps  made  by  excava- 
tions in  beds  of  soft  slate,  52.  - 

Cotwninar,  or  prismatic  structure,  40. 

Compact,  without  any  distinguishable 
parts,  38. 

Compact  felspar,  or  enrite,  65. 

Concholoey,  fossil,  not  sufficient  for  the 
identification  of  strata  in  distant  conn- 
tries,  29. 

Conformable  position,  43, 

transition'  rocks^  observa- 
tions on,  99. 

CoTiglomerates,  large  fragments  of  stone, 
whether  rounded  or  angular,  and  im- 
bedded in  clay  or  sandstone,  38,  86, 
167. 

Contemporaneous,  the  term  explained, 
151 ;  formations,  154. 

Coral  islands  formed  by  polypi,  75; 
Captain  Beechy's  account  of,  76;  co- 
ral reef  700  miles  in  length,  west  of 
Australasia,  330. 

rag,  186,  188. 

Cordier,  M.,  his  mechanical  analyses 
of  lava,  280;  his  theory  of  central 
heat,  362. 

Coves  or  caves  of  Yorkshire,  303. 

Crag  of  Norfolk,  Mr.  Woodward's  ac- 
count of  its  extent,  249. 

Craters  of  eruptions,  and  craters  of  ele- 
vation, Von  Buch's  theory  of,  262. 

Craven,  limestone  of,  93. 

Crich  Cliff,  arched  stratification  of,  95; 
metallic  veins  in>it,  tb^ 

Crocodiles,  fossil  remains  of,  very  com- 
mon, 24;  head  of,  found  by  E.  Spen- 
cer in  the  Isle  of  Sheppey,  2^. 

Cropping  out,  in  miners'  language,  108. 

Cross  courses  in  veins,  290. 

Crust  of  the  globe,  comparative  thick- 
ness of,  4, 129. 

Crystalline  or  primartf  iiniestone  (Chap. 


470 


niDBX* 


yi.)  often  intermixed  with  mica  slate 
and  serpentine,  74;  yeins  of  metallic 
ore  occor  in  it,  ib. ;  the  white  variety 
18  called  statuary  marble,  ib. ;  contains 
a  considerable  quantity  of  siliceous 
earth,  ib, ;  no  true  statuary  marble  in 
England  or  Wales,  75;  an  imperfect 
yariety  in  Scotland,  ib, 

Cumeay  ancient  city  of,  founded,  ISOO 
years  before  Christ,  in  the  crater  of  a 
Tolcano,  367. 

Cwrvid  strala^  where  the  strata  encircle 
the  mountams  like  a  mantle,  45 ;  in- 
stances of,  in  the  Lake  of  Bourget, 
46^  the  Montague  de  Tuille  47. 

Cuvter's  classification  of  the  animal 
kingdom,'  21 ;  his  remarks  on  com- 
parative anatomy,  230. 


D. 


IkmbefUf,  Dr.,  Chemical  Professor  at 
Oxford,  on  the  geblogr  of  Sicily,  144 ; 
on  the  extinction  of  the  Toltanoes  of 
the  Rhine,  374. 

JDeHMt/y  of  the  earth,  3 ;  of  Samm,  and 
other  planets,  365. 

DtiU  d'Aien^on,  316. 

Denudations^  51, 353. 

J)€skayeSt  Jf.,  his  attempt  to  establish 
the  relative  ages  of  formations  by  or- 
ganic remains,  independent  of  super- 
position,  239;  objections  to  his  sys- 
tem, 241—243. 

Desnofers,  Jf.,  his  observations  on  the 
human  bones  found  in  caverns,  305. 

Diabase.    See  Oreensione. 

Diableret  mountains^  fossil  remains  on 
their  summits,  153. 

DiaUage^  or  scbiller-spar,  cfjstallized 
serpentine,  37, 77. 

Dicotyledonous  plants,  37. 

Diluvian  agency,  its  effects  in  denuda- 
tions and  transportation  of  blocks  of 
rocks,  354. 

Diluvium,  or  diluvial  beds,  313;  fossil 
remaius  of  large  quadrupeds  in,  330. 

Direction  of  a  metallic  vein,  366. 

Disintegration,  or  wearing  down  of 
rocks,  313;  instances  of  in  England, 
314;  of  Moot  Greniei^  316;  rapidly 

foing  on  in  the  Alps,  313 ;  causes  of, 
19;  advantages  or,  322. 
DoUrile,  composed  of  felspar  and  au- 

gite,  80. 
Dolomite,  a  maernesian  limestone,  77; 
forms  vast  beds  in  the  western  Alfis, 
ib. !  Von  Buch's  theory  respecting  it. 

Dome-shaped  'Tnouniaiva  in  Auvergne, 
their  origin,  269.  ' 

Druses,  or  hollows  in  metallic  Veins, 
387. 

Dudley,  transition  limestone*  of,  88;  ba- 
salt of,  145. 


DudkyfomL    BtetriMUe, 

Durham  and  Nortkumberland  e&ol 
mines,  probable  duration  of,  134 ;  fur- 
ther remarks  on  their  duiatioo,  370. 

Dye  earth,  89. 

Dyke,  signifies  a  wall,  106 ;  basaltie  134. 


E. 


Barth,  form  and  densitv  of,  Chap.  L  3 ; 
temperature  of,  higher  at  a  former 
epoch  than  at  present,  357;  dbservar 
tions  on  various  sources  of  heat,.  358 
^-^363;  spheroidal  figure  of,  indicates 
an  orignal  state  of  fluidity,  364. 

Earths,  simple,  of  which  rocks  are  prin- 
cipally composed,  when  pure  are  ui> 
fusible,  81. 

Earthu.  composed  of  minute  parts,  re- 
sembling dried  earth,  38. 

E!arthou(Jtes  and  volcanoes,  Chapter 
XVIII.  350;  connection,  ib. ;  distance 
.to  which  earthquakes  extend,  351; 
affect  distant  springs  and  wells,  ib.; 
earthquake  at  Geneva,  353;  frequen- 
cy of  earthouakes  at  particular  peri- 
ods, ib. ;  at'Lisbon,  and  over  Europe, 
StSA;  earthquakes  more  powerful  in 
mines  than  on  the  surface,  256;  eaith- 
quakes  in  England,  255;  electric  the- 
ory of  earthquakes,  t^. ;  earthquake 
at  Valparaiso,  68. 

EbouUm^ents,  315, 319. 

Elementary  substances,  of  which  the 
solid  matter  of  the  globe  is  composed, 

Elephant,  fossil,  in  ice,  discovered  in  Si- 
beria, 25,  living  elephants  in  the  Him- 
alayan Mountains  with  shs^gy  hair, 
ib. ;  fossil,  supposed  by  Cuvier  to  dif- 
fer from  elephants  now  living,  ib.; 
some  species  fitted  to  live  in  cdd  cli- 
mates, 334;  probably  migratory,  t6.; 
immense  numbers  of  their  bones  and 
tusks  found  near  the  Frozen  Ocean, 
ib. ;  teeth  of,  found  by  hundreds  on 
the  Norfolk  coast,  357. 

Elevation  of  granite,  153;  of  rock^ 
two  epochs  of,  168. 

^— —  bf  mountain  ranges  and  con- 
tinents, (Chap.  XXII.),  335;  of  the 
grantte  of  Chamwood,  more  ancient 
than  that  of  Mont  Blanc,  ib. ;  of  the 
Cote  d'Or,  &c.,  337{  of  the  Pyrenfes, 
338,  340;  of  the  western  AI^  338; 
Provence  and  Mont  Blanc,  338. 

of  large   continents  distinct 


from  that  of  mountain  ranges,  341 ; 
of  the  Himalaya  Mountains,  343;  re- 
cent instances  of,  344. 

of  m>ountains  ani  strata,  f&\ 


by  subterranean  heat,  69. 
Elk,  bones  of,  found  in  Ireland,  333. 
Elvan  of  Cornwall  is  a  porphyritic  eo 

rite  or  white  stone,  81. 
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JBnrkMd^geoUgicdl  *Mg(/i  expliined, 
10;  index  outline  of,  37L 

SfUnveines  coal  miney  190. 

EguivalefUSj  geological,  the  term  ex- 
plained, 151. 

Eruftian  of  Coiopaxiy  heard  at  the  dis- 
tance of  600  miles,  259. 

EscarpmeiUy  the  steepest  side  of  a  moun- 
tain, 51 1  generally  on  the  side  of  a 
mouQtam  range  nearest  the  sea,  ib. 

Estuary  near  Lewes,  how  filled  up  at  no 
distant  period,  247. 

Etna,  eruptions  from,  immense  mass  of, 
.  957;  eruptions  of  frequent,  258. 

Eupkemia  ingulfed  by  an  earthquake, 
251. 

EupKotide.    See  Saussurite, 

Bwrite,  or  vhite  stone,  a  variety  of  gran- 
ite in  which  felspar  predominates,  58 ; 
in  its  most  compact  form,  becomes  a 
porphyry,  ih.  s  also  called  a  compact 
felspar,  65. 

External  structure  of  rocks,  39. 

Extinct  species  of  antma/<j>robable  mis- 
takes respecting  them,  333. 

Extraneous  fossUs,  See  Organic  re- 
wMins, 


P. 


FoU  of  mowntains,  cause  of,  3^5 ;  of 
Mont  Ghrenier,  316 ;  instances  of,  318 ; 
at  Pleats  near  Milan,  319. 

Faluns,  or  marls  of  the  Loire,  344. 

Faults,  or  breaks,  105.    See  Dykes, 

Faulty  ground  in  coal  fields,  l(/7. 

Felspar,  or  feldspar,   less   hard   than 

..  granite,  34;  analyses  of.  35;  coasti- 
tates  the  principal  part  ot  porphyries, 
id. ;  liable  to  decompose  from  the  pres- 
ence of  potash,  ib, !  fusible  without 
the  addition  of  alkalies,  and  forms 
glass,  34. 
■  porphyry  of  Cornwall,  65. 

FelsptUkic  granite,  in  which  felspar  is 
the  principal  ingredient,  58;  calledj 
by  Werner,  while  stone,  ib. 

Fibrous,  composed  of  long  minute  fi- 
.bres,  38. 

Fireclay,  104. 

damp,  123. 

stone,  or  upper  green  sand,  201. 

FHsk,  thrown  out  daring  volcanic  erup- 
tions, 266. 

Fitton  Dr.,  on  the  wealden,  191, 198. 

Flint,  in  and  under  chalk,  its  origin, 
202;  a  siliceous  earth  nearly  pure, 
208;  flints  often  fall  to  pieces  when 
taken  out  of  the  chalk  beds,  ib. 

Flinl/y  slate  contains  more  sUex  than 
common  slate,  85 ;  when  it  ceases  to 
have  the  slaty  structure  becomes 
hornstone  or  petro-silex,  ib. ;  if  it  con- 
tains crystals  of  felspar,  becomes  horn- 
stone  porphyry,  ib.!  localities  of,  ib. 


FloeiZt  or  pataUel  tofja  ot  Wener, 

83. 
Flour  spar  mine  near  Castleton,  288. 
Flying  Lizard,  or  pterodaayle,  fousd 

fossU,  24. . 
Foliated,  like  thiix  leaves  laid  over  each 

other,  39. 
Folkstone  marl,  or  gait,  201. 
Fontainbleau  san£tone,  231. 
Footmarks  in  new  red  sandstone,  166. 
Forest  marble,  185, 188. 
Formations,   geological,   explained, 

42. 
Fossils.    See  Organic  remMns. 
FossU  conckoly^y,  29;  observations  on 

the  extent  ofiis  application  to  geolo- 
gy, 343. 
Freestone.    See  Oolite. 
Freshwater  formations,  in  the  lakes  of 

NoTih  America,  216;  in  the  Paris  ba^ 

sin,  220;  in  the  Isle  of  Wight,  233, 

234 ;  at  (^ningen,  248,  249. 
. —  limestone,  1^;  fonned  in 

recent  lakes,  326. 
Fuller's  earth,  188. 


a 


Gait,  or  Folkstone  marl,  201. 

Qeodes,  found  in  green  sand  near  Sid- 
mouth,  20O. 

Geological  map,  Plate  6.,  explained,  10^ 
index,  outline  of,  371. 

Geology,  advantages  to  be  derived  from 
the  study  of,  365.;  Professor  Sedgw 
wick's  remarks  on  the  study  of,  366. 

Oergovia,  bones  of  land  aitimals  found 
there  in  firewater  limestone,  229. 

Glentilt,  in  Scotland,  peculiarities  of 
granite  there,  64. 

Olifbular  structure,  40 ;  in  basalt,  ex- 
plained, 146. 

Giant's  Causeway,  141 

Chieiss,  a  schistose  or  slaty  gruiite,  64 ; 
alternates  with  massive  granite,  ib.g 
Chap.  YI.  71 ;  called  secondary  gran- 
ite by  some  geologists,  ib.;  has. often 
a  waved  form,  72;  contains  most  of 
the  metallic  ores.  ib,s  the  principal 
rock  formation  of  Sweden,  ib. ;  not  a 
stratified  rock,  ib. 

Gold,  native,  found  in  England  and  Ire- 
land, 298. 

mines  in.  Carolina,  297. 

Gord<U  Sear  93. 

GtanUveini  of  Saussure  an  incipient 
gneiss,  71. 

Granite,  Qhap.  V. ;  composition  of,  57 ; 
sometimes  globular,  59;  vertical  beds 
of,  59 1  Mont  Blanc,  the  highest  point 
at  which  it  is  known  to  occur,  ib. ;  lo- 
calities of,  62;  at  a  lowe*r  level  in 
North  America  than  in  Europe,  t^. ; 
identity  with  sienite  maintained  by 
Dr.  AlacCulloch,  66;  relative  ages 
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of,  67, 151 ;  eltvfttion  of,  OT,  159;  8ai>- 
posed  protrusion  of  among  secondary 
rocks,  69. 
Granitic  ftumniainSj  aspect  of,  59. 
veins  shoot  up  into  superin- 
cumbent rocks,  63;   instance  of  at 
Mousehole  in  Cornwall,  t^. ;  also  at 
Qlentilt,  64. 
Crranidar^  composed  of  grains,  38. 
Gravely  beds  or  on  the  summits  of  de- 
tached hills,  354. 
Oreen  marl  of  the  Paris  basin,  239. 

sand,  the  arenaceous  beds  below 

chalk,. so  called,  position  of,  197;  de- 
scription of,  200;  upper  and  lower 
green  sand  .separated  bv  a  bed  of  stiff 
clay  called  gait,  201 ;  tne  lower  green 
sand  generally  ferruginous,  ib. 
Oreenstone^  the  diabase  of  the  French, 

sometimes  called  trap,  99, 129. 
Cfris  rouge'  gris  des   Vosges,  gris  bi- 

garri,  163. 
CfreytDocke^  or  greywacke  slate,  German 
grauwackif  French  traumale^  86;  a 
coarse  slate  containing  particles  of 
other  rocks  and  minerals,  ib.i  when 
the  particles  are  very  minute,  passes 
into  common  state,  ib.;  when  the  frag- 
ments are  numerous,  and  the  slate 
scarcely  perceived,  resembles  coarse 
sandstone  or  gritstone,  ib, ;  described 
by  the  French  as  a  transition  sand- 
stone, ib. ;  formation  of,  86;  conglom- 
erate associated  with,  ih: 
Ouadalonpe,  skeleton  of  a  woman  found 

in  the  calcareous  sandstone,  14. 
Gfpseous  marl  and  gypsum^  detached 
hills  on  the  blmks  of  the  Marne  and 
Seine,  227;  ^[ypsum  formation,  ib.; 
organic  remains  in,  t^. ;  bones  of  large 
quadrupeds  found  in,  228;  bones  of 
birds  found  in,  ib.s  freshwater  sli^ells 
in,  separated  from  the  marine  shells 
by  a  bed  of  green  marl,  ib. 
Gypsum^  or  sulphate  of  lime,  called  also 
plaster  stone  and  plaster  of  Paris,  less 
abundant  than  carbonate  of  lime,  37; 
constituent  parts  of,  ib. ;  accompany- 
ing rock  salt  in  the  Alps,  anbyarons, 
175, 176. 


H. 


Hading f  or  dipping  of  a  metallic  Vein, 
286. 

Hall,  Sir  James,  his  experiments  to  ex- 
plain the  formation  of  basalt,  146;  on 
limestone  and  chalk,  ib.;  on  sand- 
stone, 210;  his  theory  on  the  formsr 
tion  of  valleys  and  on  diluvian  agen- 
cy, 354. 

HaiUy,  Dr.,  hypothesis,  3. 

Hastings  saitd,  or  iron  sand,  192. 

Heber,  Bishop,  his  account  of  the  ele- 


phants of  the  Himmilayk  Moomsms; 

Height  of  mountains,  table  of.  See  Ap- 
pendix, 376. 

Herbivorous  quadrupeds,  remains  of  in 
tertiary  strata,  25i 

High  Stile  Mountain,  132 ;  cratci  of, 
133. 

Himmdlaya  or  ffimmaUh  MouniainSf 
ten  thousand  feet  higher  than  Moot 
Blanc,  61 ;  beUeved  to  be  composed  of 
secondary  strata,  62;  elephants  of, 
with  shaggy  hair,  25. 

Hippopotamus,  fossil  remains  of,  com- 
mon in  England,  France,  Ac,  331; 
tooth,  cut  of,  330. 

Hone,  or  Whetstone  slate,  85. 

Hornblende  rock,  called  by  the  French 
amphibole,  36 ;  melts  easily  into  black 
glass,  ib. ;  forms  trap  roclc5,.ifr. ;  anal- 
yses of,  ib. ;  granular  and  lamellar,  9S. 

— — -^^  Uoie  fibrous,  and  has  a  vel- 
vet lustre,  79 ;  passes  b^r  gradation 
into  serpentine,  ib. ;  rare  in  England, 
but  abundant  in  Scotland,  80;  forms 
part  of  the  principal  mountain  ranges 
m  Europe,  %b. 

Hornstone,  or  petrosilex,  infusible  with- 
out the  addition  of  allralies,  50. 

Hot  springs.    See  Thermal  waters. 

Human  bones  not  discovered  in  a  fossil 
state,  13,  25, 333 ;  not  more  pehshahle 
than  those  of  quadrupeds,  itote,  25. 

skeletons  m  caverns,  intermixed 

with  bones  of  extinct  species  of  quad- 
rupeds, 305,  307. 

Humboldt's  account  of  the  formation  of 
new  islands,  49 ;  on  volcanoes  and  the 
extent  of  volcanic  fire,  2S&  258,  260, 
268. 

Hushing,  used  in  Westmoreland  for  dis- 
covering beds  of  slate,  346. 

Huttonian  theory  respecting  granite, 
66;  of  metallic  veins,  2M;  on  the 
formation  of  valleys,  349. 

Hyena,  bones  of  in  Kirkdale  cavern, 
308. 

Hylososaurus,  or  forest  lizard,  bones  of 
discovered  by  Ml*.  Mantell,  197;  un- 
like any  known  species,  ib. 

I.  and  J. 

Jasjxr,  34,  79;  beds  of  in  the  Apen- 
nines, 98.  ' 

Java,  volcanic  eruptions  in,  265. 

Icthyosaurus,24;  skeleton,  cut  of,  181; 
conjectures  respecting  its  being  an  in- 
habitant of  the  present  ocean,  813. 

Jet,  119. 

Jguanodon,  an  enormous  fossil  herbiver- 
ous  reptile,  discovered  by  Mr.  Man- 
tell;  teeth,  cut,  of,  195. 

Imbedded  rocks,  4B. 

Jndina/tion  of  strata,  43. 
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Ii%aeas  rtrely  foand  fossil,  remains  of  in 
Stonesfield  slate,  187. 

InUiliUes  of  Menu^  15. 

JfUemudiaU  or  masitioik  rocks,  Chap. 
VII. 

InUmal  or  central  heat  of  the  earth, 
283.  360;  indications  of,  361;  obser- 
Tations  on,  362, 363. 

Inundations  of  the  sea,  occasioned  by 
volcanic  eruptions,  353. 

Mron^  a  constituent  part  of  namerous 
rocks,  32. 

— -  stone,  in  the  coal  strata,  probably 
a  freshwater  formation,  115;  nnmer- 
ous  regular  alternations  of  in  the 
the  Ashby-de-larZouch  coal  field,  ih., 
116,  117;  occurs  in  the  freshwater 
beds  of  Sussex,  which  formerly  sup- 
plied a  great  part  of  England  with 
iron,  193;  enormous  mass  of  iron  ore 
in  the  Valley  of  the  Missouri,  369. 

hla/nds  formed  by  submarine  volca- 
noes, 260 ;  recent  formation  of  an  is- 
land near  Sicily,  phenomena  that  at- 
tended its  appearance,  261,  262;  is- 
lands formed  of  coral :  see  Coral,  Is- 
lands, temperature  of,  more  equal 
than  that  of  continents  in  the  same 
latitude,  358. 

hotkermal  lines,  or  lines  of  equal  tem- 

1>erature,   not  parallel  with  lines  of 
atitnde,  358. 
Jnngfrau  mountains,  69. 
Jura  range  of  mountains,  100, 154. 

K. 

Kamenoi,  a  volcanic  island  raised  in  a 

solid  mass,  263. 
Kaolin,   soft  earthy  granite  used    for 

porcelain,  66. 
Katavoirom,  gulfs  in  the  Central  Morea, 

303. 
Kellowa/jf  rock,  186. 
Keuper,  a  name  given  by  the  Germans 

to  the  red  marl  above  the  new  red 

sandstone,  159. 
KiUas,  Cornwall,  64. 
Kimmeridge  ctoy,  186. 


Lakes,  filling  up  by  alluvial  matter,  322 ; 
bursting  of,  347. 

■  of  North  America^  extent  and  lev- 
els 0^216, 217. 

Lamellar  structure,  99. 

Lava,  280 ;  fluidity  of,  281 ;  passage  into 
hasalt,  143. 

Lias,  clay  and  limestone,  mineral  char- 
acters of,  178, 179 ;  fofisil  characters, 
181 ;  extent  of  the  lias  formation,  ib. ; 
182;  lias  of  part  of  Qermany,  its  po- 
sition, 189. 

Lignite.    See  Wood  coal. 

IfiuM,  39;  its  use  as  a  manure,  328. 


lAmestoTK,  analysis  of,  37;  Primary 
limestone,  secondary  and  tertiary 
limestone,  see  under  the  difierent 
classes. 

Lirie  of  dip,  and  line  of  bearing,  de- 
scribed, 39, 42. 

Lixards,  fossil,  24,  five  gigantie  species 
of  in  the  Wealden  beds,  195. 

Locke,  John,  his  opinion  ox  the  growth  of 
8tones  and  minerals,  312. 

Lodes,  or  metallic  veins,  290. 

London  clay,  220;  characters  of,  221; 
organic  remains  in,  222 ;  crocodiles 
found  in,  222;  water  from,  impreg- 
nated with  mineral  nuitter,  224. 

Lydian  stone,  98, 162. 

Lyell,  Mr.,  his  account  of  fossil  species 
in  the  sub-Apennine  range,  245;  his 
theory  respecting  the  temperature  of 
the  earth,  359. 

M. 

Macaluba.  in  Sicily,  eruption  of  chalky 
matter  from,  263. 

Mac  CuUoch,  Dr.,  on  the  formation  of 
coal,  118;  on  the  growth  of  peat,  328. 

Mackenzie,  Sir  Qtorge,  on  the  basalt  of 
Iceland,  143. 

Madrepores  and  coralline  polypi,  their 
labours  in  forming  new  islands^  75, 
330. 

Magnesia,  32,  a  component  part  of  ma- 
ny rocks,  77;  found  in  some  chalk 
rocks,  202. 

Magnesian  limestone^  or  dolonute  of  the 
Alps^  77 ;  magnesian  limestone  com- 
mon m  mountain  limestone,  91 ;  mag- 
nesian secondary  limestone,  its  posi- 
tion and  extent  in  England,  168;  170; 

.  forms  durable  stone  for  architecture, 
170 ;  not  unfavorable  to  vegetation,  t^. 

Mammotk,  or  fossil  elephant,  331. 

Mam  Tor,  in  Derbyshire,  102. 

Man,  his  recent  appearance  on  the  earth 
adduced  as  a  proof  that  the  former 
condition  of  our  planet  was  different 
from  its  preseni  state,  213, 214. 

Manganese  communicates  a  reddish 
colour  to  rocks.  33 ;  occurs  in  the  green 
sand  near  Sidmonth,  201 ;  irregular 
beds  of,  in  Devonshire,  286. 

ManteU,  Gideon,  his  discoveries  of  new 
species  of  immense  lizards  in  the 
Wealden  beds,  194;  his  observations 
on  the  ancient  condition  of  the  conn- 
try  in  which  the  strata  of  Tilgate 
Forest  were  deposited,  196,  197;  in- 
teresting objects  in  his  museum,  195, 
90S:  his  observations  on  chalk,  906; 
on  the  Brighton  clifis,  236. 

Manures,  in  what  way  they  improve  the 
soil,  323. 

3iarine  and  freshwater  formations,  their 
alternations  in  tha  Paris  basin,  919, 
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239,  in  the  Isle  of  Wight,  233,  234 ; 
marine  and  freshwater  animals  of 
great  size,  singular  intermixture  of 
their  remains  at  Castello  Arquata, 
247. 

Marl,  composed  of  calcareous  earth  and 
clay,  32;  its  use  in  apiculture.  324. 

Mastodon,  skeletons  of,  m  North  Amer- 
ica, 332 ;  believed  by  the  Indians  not 
to  be  extinct,  307,332;  teeth  of,  found 
at  Alpnach,  225;  a  cut  of,  ib. ;  found 
in  the  Andes,  t^. ;  in  Norfolk  crag, 
236. 

Matlock  Bigh  TV,  arched  stratification 
of,  95 ;  a  cavern  and  lake  recently  dis- 
covered in,  302. 

Megalosaurus,  an  enormons  fossil  liz- 
ard, discovered  by  Dr.  Buckland  in 
Stonesfield  slate,  194 ;  by  Mr.  Man- 
tell,  in  the  Wealden  beds,  ib. 

Megalkerium,tLn  enormous  carnivorous 
animal,  found  fossil  in  America,  332. 

M€t4iUic  beds,  285;  minerals,  284;  ores, 
rocks  in  wnich  they  occur,  298  j  found 
in  the  sands  of  rivers,  297. 

veins,  their  structure  and  for- 
mation, 286,  295. 

Mica,  destription  of,  35. 

—  slate,  description  of,  71 :  its  affinity 
to  slate  (clay  slate),  73;  allied  to 
gneiss,  tb.\  occurs  in  Anglesea  and 
in  Ireland,  and  in  various  alpine  dis- 
tricts, ib, ;  minerals  comDK)n  in  mica 
slate,  74. 

MiasUmegrit,lQI^. 

MiU-slones,  or  barrh  stones,  brought 
from  France,  832. 

Mines,  temperature  of.    See  Appendix. 

Mississippi,  great  valley  of,  contains  the 
largest  coal  field  in  the  world,  368, 
369;  structure  of,  368. 

Molasse^  or  soft  tertiary  sandstone,  820 
221. 

MoUuscous  animals,  21,  23. 

Monkeys,  no  fossil  remains  of,  25, 333. 

Mont  BlanCf  structure  and  vertical  stra- 
ta of,  59. 

—  Orenier,  in  Savoy,  fall  of,  316. 
MoraiHs,  piles  of  stones  transported  by 

glaciers,  315. 

Mountain  chains  and  ranges,  51,  52. 

— ■^— -  limestone,  or  upper  transition 
limestone,  89,  90;  changes  in,  98; 
highly  metal liferotis,  90, 98 ;  not  to  be 
confotmded  with  the  calcaire  alpin  of 
foreign  geoloo^sts,  tOO, mountain  lime- 
stone of  England  and  Wales,  9(^97. 
Ganges,  elevation  of.  Chap. 


XXII.  passim. 

Mountains,  table  of  heights  of,  376. 

Musckel  kalk,  a  series  of  calcareous 
^rata  between  the  red  sandstone  and 
red  marl  in  France  and  Gkrmany, 
wanting  in  England  164;  mnschel 
kalk  of  Gknrmany,  190. 


Muscle-bind,  a  stratum  containing  fresh- 
water muscles  in  the  coal  strata  of 
Yorkshire  and  Derbyshire,  US. 

Murchison,  R.  J.,  his  account  of  the  se- 
condary strata  of  part  of  Grermany, 
189;  of  the  freshwater  strata  of 
(Eningen,  248. 


N. 


Nagel  flue  fif  Smtzerland,  or  sandMone 
conglomerate,  220. 

New  red  sandstone,  probable  formatia& 
of,  161 ;  lower  new  red  sancfstone  be- 
low magnesian  limestone,  discovered 
by  Professor  Sedgwick,  ti.  -•  new  red 
sandstone  and  marl  above  niagnesian 
limestone,  162;  arrangement  of  tbe 
'  new  red  sandstone,  where  all  the  beds 
are  fully  developed,  in  the  Vosges, 
163;  middle  beds  of  the  new  red 
sandstone,  tbe  grh  rouge  and  gr^s  da 
Vosges  of  the  French  geologists,  ib.; 
the  upper  or  variegated  red  suidstooe, 
the  gres  bigarri  of  the  French  geolo- 
gists, ib.  f  muscbel  kalk  in  France  de- 
posited between  the  variegated  sand- 
stone and  the  red  marl,  or  mames  ir- 
ris^es  of  the  French,  ib, ;  red  marl, 
the  upper  part  of  the  new  red  sand- 
stone formation  in  England,  ib.; 
chiefly  formed  by  the  decomposition 
of  rocks  of  trap  and  sienite,  zb. ;  low- 
er new  red  sandstone,  its  arrangement 
with  magnesian  limestone,  and  the 
upper  new  red  sandstone  and  marl, 
given  bv  Professor  Sedgwick,  167; 
red  sandstone  formation  near  White- 
haven, 177. 

Niagara,  Palls  of,  216. 

Norfolk  crag,  the  most  recent  of  the  ter- 
tiary beds  in  England,  235;  Mr.  S. 
Woodward's  account  of,  ib.;  Mr. 
Taylor's  account  of^  ib.;  rests  om 
London  clay,  ib. ;  organic  remains  in, 
236;  tooth  of  a  mastodon  found  in, 
ib.;  a  similar  formation  said  to  be 
discovered  near  Calais,  id. ;  Brighton 
cliffs  in  some  parts  resemble  it,  ib.; 
extent  of  the  crag,  249. 

Nottingham  sand  rock,  166,  212. 


O. 


Obsidian,  130,  279. 

Ocean,  depth  and  salt&essof,  4;  onee 
covered  the  present  continents,  18, 13. 

(Eningen,  freshwater  strata  oiQ  248, 
249. 

Old  red  sandstoni^  a  variety  of  grey- 
wacke,  126. 

Ontario  lake,  216. 

Oolit€  formation,  extent  of  in  England, 
183,  l84 ;  mineral  and  fossil  charac- 
ters, 184—186;  triple  dxvisioii  «f  the 
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oolite  formation,  185;  carboniferous 
strata  in  oolile,  187;  Oxford  or  clunch 
clay  separates  the  lower  from  the 
miadle  oolites,  186;  middle  oolite, 
division  of,  ib.j  Kimmeridge  clay 
separates  the  middle  from  the  upper 
oolite,  ib. ;  apper  oolite,  186, 187. 

Oolite  of  Yorkshire  and  the  bath  district 
of  Germany  compared,  188, 189. 

Orgamic  remai7iSf  fossil,  Chap.  11. 

Osseous  breccia  of  New  Holland  and 
Gibraltar,  310. 

Oxford^  or  clunch  clay,  186. 

Oyster  beds^  many  miles  in  extent,  occur 
in  Europiean  seas,  76. 


P. 


Packjfiemataj  thick-skinned  animals, 
fossil  remains  of,  abundant  in  the  ter- 
tiary strata,  25. 

Pariou^  an  extinct  volcano  in  Auvergne, 
ent  of,  271. 

Paris  basiHf  strata  of,  218,  219,  226— 
231;  remarkable  fossil  animals  in, 
229—231. 

Partings  in  rocks,  72. 

Peat,  a  vegetablej>roduction,  326,327; 
•peat  moors,  327;  formation  of,  de- 
scribed, 328;  human  bodies  preserved 
in,  328. 

Pebbles,  stones  rounded  by  attrition, 
opinions  respecting,  312. 

Pent€icrinus,  recently  found  living,  22 ; 
description  and  plate  of;  see  Prelim- 
inary Observations. 

Pepperino,  a  volcanic  tufa,  281. 

Petrifactions^  19. 

Petworth,  or  Sussex  marble.  193, 197. 

Pkonolilej  or  clinkstone,.  130. 

Phosphoric  acid,  a  constituent  part  of 
animal  bone,  combined  with  calcare- 
ous earth,  33;  rare  in  the  mineral 
kingdom,  ib. 

PiUhstone,  130. 

Plaster  stone,  a  common  name  for  gyp- 
sum, 37. 

Plastic  clay,  220. 

Plesu)saurus,  a  fossil  saurian  animal, 
description  of,  24;  cut  of,  181. 

P^vm&o^o,  or  graphite,  110. 

PooVs  Hole,  93. 

Porphyritic  structure,  what,  38,  80. 

Porphyry,  128,  131,  166;  trap  porphyry, 
130,  133;  felspar  porphyry,  130;  of 
the  Andes,  133;  of  Norway,  131 ;  of 
England,  ib, ;  of  Devonshire,  166. 

Pot  stone,  or  lapis  ollaris,  used  for  culi- 
nary vessels ;  its  use  of  great  anti- 
quity, 78. 

Pozzolana,  281. 

Prehnite,  first  discovered  as  an  English 
mineral  by  the  author^  144. 

Priinary  rocks,  7;  and  Chap.  V. ;  clas- 
siiications  of,  55, 56. 


Progressive  development  of  organic  life, 
observed  as  we  advance  from  the  oloer 
to  the  more  recent  rock  formations, 
doctrine  of  maintained,  26,  28,  210. 
214. 

Protogine,  a  variety  of  granite  in  whieh 
talc  or  chlorite  supplies  the  place  of 
mica;  the  highest  granite  of  Mont 
Blanc  is  of  this  kind,  58. 

Protrusion  of  basalt  among  beds  of 
sandstone  and  limestone,  139,  140, 
145 ;  protrusion  of  granite,  69. 

Pudding  stone,  rounded  stones  cement- 
ed by  a  mineral  paste,  38. 

Pumice  stone,  of  Lipari,  278;  some- 
times thrown  up  by  submarine  volca- 
noes, 279. 

Purbeck  linustone  or  marble.  193, 197. 

Puys,  extinct  volcanoes  in  Auvergne  so 
called :  Puy  de  Chopine,  273;  Fuy  de 
Ddme,  ib. ;  Puy  de  Pariou,  descrip- 
tion and  cut  of,  270—272. 

Pyrites  decompose  and  ignite  by  expo- 
sure to  air  and  water,  SH'd. 


Quartz,  34. 

.  rock,  98. 

Quaternary,  or  more  recent  tertiary 
strata  described,  Chap.  XVIL;  .ex- 
tent of  these  strata,  233. 

Quito,  whole  mountainous  part  of,  one 
immense  volcano,  268. 


R. 


Radiated  animals,  21. 

structure  of  minerals,  39. 


Red  marl.  See  New  red  marl  and  Sand- 
stone. 

Rents  in  rocks,  72. 

Rctinasphaltum,  112. 

Rhinoceros,  fossil  remains  of,  330;  tooth 
of,  cut,  ib. 

Rocks.  See  Classification,  Structure,  <f<. 
pas.'iini 

Rock-salt,  depositories  of,  Cheshire,  171, 
172;  Droitwitch,  172;  Cardona,  in 
Spain,  1T3;  various  localities  of  rock- 
salt,  174—176. 

RocsUme.    See  Oolite. 

Rathe  ladle  lieacnde,  or  lowest  bed  of 
new  red  sandstone,  163. 

Rowley  ras,  basalt  near  Dudley  so  called, 
experiments  on,  146. 

Ruhly,  or  rumilly  beds  in  coal  strata, are 
partly  composed  of  fragments  or  loose 
materials,  118. 


S. 


Saddle-shnpcd  strata,  43. 

S(ilcv€,  great  and  little,  near  Geneva, 

blocks  of  stones  scattered  on  these 

mountains,  355. 
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Saline  springs,  171, 172, 173.    See  also 

Rock-salt. 
BaUf  qDontity  of  in  the  ocean,  5. 
works  of  Bex,  175;  of  the  Taren- 

taise,  ib. 
Sand,  inundations  of,  399;  in  Lybia,  ib. ; 

in  Cornwall,  ib. ;  in  Guadaloupe,  330. 
Sandstone,  See  New  red  sandstone.  Old 

red  sandstone,  and  Molasse. 
Samphire,  crystallized  alumine  or  clay, 

Saturn,  density  of,  364. 

Saurian  animals,  or  lizards,  fossil  re- 
mains of,  24. 

Saussure,  account  of  his  ascent  up  Mont 
Blanc,  90]  the  fatigue  is  supposed  to 
have  abridged  bis  life,  61. 

Saussurite,  crystallized  serpentine  com- 
bined with  jade  or  felspar,  78;  one  of 
the  hardest  and  heaviest  of  rocks,  79 ; 
blocks  of  it  scattered  in  the  valley  of 
the  Rhone,  ib.;  immense  beds  of  it 
in  the  valley  of  Sass,  ib. ;  also  in  the 
Apennines,  ib. 

Soaglia,  a  mode  of  chalk,  201 ;  account 
of,  in  the  Tyrolese,  205. 

Scattered  blocks  of  granite,  in  the  Alps, 
355,  356;  in  Cumberland  and  Wales, 
314. 

Schist,  ^tSUUe. 

Sea,  encroachments  of,  462. 

Seams,  or  partings  in  rocks,  bow  to  be 
distinguished  from  strata,  45. 

Secondary  rock  formations,  abound  in 
remains  of  testaceous  animals,  157; 
the  floetz  or  flat  rocks  of  Werner,  ib. 

strata  (Chap.  XI.)  158;  min- 
eral and  fossil  characters  of,  ib. ;  suc- 
cession and  tabular  arrangement  of, 
158;  section  of,  160;  secondary  strata 
of  Germany,  163. 

Sedgwick,  Professor,  on  the  protrusion 
of  trap  rocks,  137,  139 ;  on  red  sand- 
stone and  magnesian  limestone,  167, 
168 ;  observations  on  the  study  of  geo- 
logy, 366, 

Selenite,  or  crystallized  gypsum,  37. 

Septaria,  or  balls  of  imperfect  ironstone, 
occur  in  London  clay,  2*23;  Parker's 
cement  made  of  them,  ib. 

Serpentine,  analysis  of,  36 ;  description 
of,  77;  localities  of,  78;  passage  of 
into  potstone,  jade  and  diallagc,  ib. ; 
remarkable  position  of,  in  the  Apen- 
nines, 79;  serpentine  sometimes  pass- 
es into  trap  when  the  latter  rock  is  in 
contact  with  limestone,  t^. ;  minerals 
associated  with  it  allied  to  talc,  77: 
sometimes  magnetic,  ib. ;  a  beautiful 
Fariety  in  Anglesea,  approaching  to 
noble  or  precious  serpentine,  78. 

Sixt,  valley  of,  342. 

Shale,  soft  slate  with  an  excess  of  car- 
bon, 150;  called  also  slate  clay. 


^ieep,  yariettes  of,  might  be  mistaken 
for  distinct  species,  were  their  sl^ 
only  found  in  a  fossil  state,  dll. 

SheU  marl,  328 ;  remains  of  land  quad- 
rupeds found  in  it,  ib. 

Sienite,  a  yariey  of  granite  in  which 
hornblende  supplies  the  place  of  mica, 
58;  occurs  in  Malvern  and  in  Chars- 
wood  Forest,  80;  when  hornblende  vs 
abundant,  is  denominated  greenstone, 
129,  131. 

Sienitic  granite,  65;  its  passage  into 
greenstone  and  trap.  ib.  and  130. 

Suez,  or  siliceous  eartn,  32;  flint,  chert, 
opal,  agate,  &c.,  modifications  of,  31 

SiU,  synonymous  with  stratum,  138. 

Silver  ore,  vein  of«  at  Uspalata,  290;  ex- 
tends ninety  miles,  ih,  ^ 

Simple  minerals  composing  rocks,  enn- 
merated,  31, 33. 

Skeletons,  human,  in  Gnadalonpe  sand- 
stone, 14;  in  various  caverns  ia 
France  and  Germany,  305—907. 

Sky,  Isle  of,  the  crystalline  limestone 
there,  more  like  the  secondary  or 
lias,  75. 

Slate,  ciWed  also  clay  slate  and  argillace- 
ous schistus,  37;  roof  slate,  the  purest 
form  of,  ib. ;  component  parts  of,  3& 

(Chap.  VII.)  82;  cleavage  of,  84; 

when  magnesia  prevails,  passes  into 
talcy  slate  and  chlorite,  ib. ;  carbona- 
ceous matter  first  discovered  in  slate 
rocks  as  they  approach  the  secondaiy 
strata,  85;  impressions  of  vegetables 
in  slate  rocks,  t^. ;  impressions  of 
ferns  in  the  slate  of  Mont  Blanc  and 
Mont  Ccnis,  ib.  j  efiects  of  crystalli- 
zation evident  in  slate,  ib. ;  localities 
of,  ib.i  mountains  of,  have  oAen  a 
sharp,  serrated  outline,  t^. ;  the  most 
metalliferous  of  rocks,  principally 
lead  and  copper,  86. 

clay,  or  sbale,  a  sofl  kind  found  in 


coal  strata,  84;  differs  from  clav  slate, 
ib.  i  more  properly  called  shale  (which 
see)  ib. 

Slaty,  or  laminar,  composed  of  stmigbt 
parallel  thin  plates,  39. 

Soda  exists  in  great  abundance  in  sea 
water  and  rock  salt,  33. 

Soil,  formation  of,  327. 

Solar  radiation.  Sir  W.  Herschel^  ob- 
servations on,  360. 

Stalactites,  described,  310. 

Stal/igmites,  described,  310. 

Statuary  marble,  localities  uf  asparions 
sort  in  Scotland,  75. 

Stot^sfield  sl-ate,  185;  description  of, 
186 ;  extraordinary  fossil  remains  in, 
23,187. 

Strata,  39. 

scam^,  45. 

Stratification  (Chap.  IV.)  41 ;  the  knowl- 
edge of,  most  important  for  geologists, 


INDEX. 


477 


49 :  bow  to  obtain  a  distmct  idea  of  it, 

ib.41.  . 
Strati^  rockSy  39. 
Stream  varkSj  297. 
Structure  of  rockSy  36. 
JSM-Apennine  strata,  remarkable  fossil 

remains  in,  245,  346;  singular  inter- 

mixtare  of  animal  remains  in  part  of 

these  strata,  246. 
Submarine  volcanoes^   142;    near  Ice- 
land, t^. 
Submersion  of  coal  strata,  342, 343;  of 

the  Wealden  beds,  198. 
Subterranean  fire,  granitic  moontains 

owe  their  eleration  to  it,  68. 
Succession^  or  superposition  of  rocks, 

remarks  on,  150. 
Sul/pkur,  not  a  constituent  part  of  rocks 

except  in  the  form  of  sulphuric  acid, 

33. 
SupercretaceouSj  a  term  improperly  gir- 

en  to  the  tertiary  strata,  215. 
SuperpesiUon,  41;    whenever  similar 

bed^  occur  together,  they  lie  in  the 

same  order  of  superposition,  ib. 
Swallow  holes,  92. 
Smiley s^  or  small  coal  basins,  112. 

T. 

babies  of  the  rocks  in  which  vegetable 
organic  remains  occur,  27;  of  the  in- 
ternal structure  of  rocks,  38;  of  the 
secondary  formations,  158 ;  of  oolite 
and  lias  strata  in  the  oath  district  and 
in  Yorkshire,  188 ;  of  the  secondare 
strata  of  Germany,  189;  of  the  Weal- 
den beds,  197;  of  the  American  lakes, 
216;  of  the  Paris  basin,  218;  of  the 
strata  at  Alpnach,  225 ;  of  the  rocks 
in  which  different  metallic  ores  are 
generally  found,  298;  of  the  tempera- 
ture of  thermal  waters,  378. 

Tabular,  or  in  large  plates,  39 ;  stnic- 
tore  of  rocks,  40. 

—»-——«  arrangem^TU  of  red  sandstone 
and  magnesian  limestone,  by  Profes- 
sor Sedgwick,  167. 

Talc^  resembles  mica  in  appearance,  35; 
plates  flexible,  not  elastic,  ib.  j  is  in- 
fusible, ib. !  supplies  the  place  of  mi- 
ca in  most  of  the  granite  of  Mont 
Blanc,  ib. 

Talcous  skUe,  structure  laminated,  74; 
saponaceous  and  seclile,  ib.g  nearly 
allied  to  chlorite  slate,  ib. 

Tarentaise,  gypsom  of,  175. 

T^mperaiure  of  the  earth,  3,  28,  115, 
(Chap.  XXlV.)  357;  proofs  of  its 
having  been  higher  at  a  former  epoch, 
ib.  s  supposed  causes  of,  358;  Mr.  Ly- 
elFs  theory  of,  359;  difficulty  of  ex- 
plaining its  former  high  temperature 
Dy  astronomical  causes,  ib. ;  temj)era- 
ture  of  Artesian  wells,  362;  of  mines. 
See  Appendix. 


Tenerife,  Peak  of,  eruptions  from,  958. 

Tertiary  strata^  the  lower  or  more  an- 
cient formations  described.  Chap* 
XYI. ;  of  England  and  the  Paris  ba- 
sin, table  of,  217,  218 ;  description  of, 
ib. — 233;  more  recent  tertiary  or 
quaternary.  Chap.  XVII.;  in  vari- 
ous parts  of  France,  239—244;  sub- 
Apennine  strata,  245;  upper  fresh- 
water strata  of  (Eningen,  246. 

Thermal  waters  and  hot  springs  proba^ 
bly  derive  their  heat  from  subterra- 
nean fire,  361 ;  thermal  waters  of  Eng- 
land, &c..  table  of  their  temperature, 
378;  of  the  Alps,  379. 

Tilgate  Forest,  conglomerate  of,  193; 
Mr.  Mantell's  discoveries  in,  194. 

Toadstone  of  Derbyshire,  294;  alternates 
with  the  metalliferous  limestone,  ib, 

Tournal,  M.,  his  opinion  respecting  hu- 
man bones  founa  in  caves,  306. 

Tow,  or  combustible  clay  in  coal  mines, 
104. 

T^achyU,  133,  280. 

Transition  limestone,  87, 88 — ^97;  singu- 
lar contorted  beds  of,  88. 

rocks  (Chap.  VII.)  82;  the 

lowest  rocks  in  which  fossil  animal  or 
vegetable  remains  are  found,  ib. ;  the 
principal  repositories  of  metallic  ores, 
ib. 

Transportation  of  loose  stones  and 
blocks  of  granite  and  other  rocks  to 
distant  countries,  312,354;  instances 
of,  in  our  own  island,  314,  354. 

T^ap  rocks,  66;  composition  of,  80;  va- 
rieties of,  128 — 131 ;  passage  of  into 
granite,  131;  various  phenomena  pre- 
sented by  them,  133--145;  ages  of, 
147;  formation  of,  145;  varieties  of, 
129—131. 

Ti'aumate,  or  greywacke,  86. 

Trebra,  M.,  his  observations  on  the  for- 
mation of  ores,  295. 

lyilobite,  22;  peculiar  to  transition 
rocks,  99. 

Troubles  in  coal-fields,  107. 

Truttenbtrg  copper  mine,  the  deepest  in 
the  world,  287. 

Tufa,  calcareous,  325. 

—  volcanic,  272 ;  beds  of,  formed  of 
comminuted  trachyte,  280. 

T^rtUf  fossil  remains  of,  194. 

U.  and  V. 

Vale  of  Tham>eSt  section  of  explained, 
221 

VaUey  of  Us  EcheUes,  221. 

Valleys,  longitudinal  and  transversal, 
50;  tiieories  of  their  formation,  Chap. 
XXIII.;  many  valleys  in  the  Alps 
were  formerl;^  lakes,  347 ;  vallejrs  of 
elevation,  of  disruption,  of  subsidence, 
348;  of  erosion,  ib. ;  original  valleys, 
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or  valleys  formed  before  the  bad 
emerged  from  the  ocean.  356. 

Valparaiso^  coast  of,  raised  by  an  eanh- 
.  quake,  68. 

Ve^etadkSt  structure  of,  26;  fossil  organ- 
ic remains,  classification  of,  27;  tbeir 
importance  in  geology,  29 ;  vegetable 
remains  in  coal  strata.  113 — U8;  in 
the  strata  above  the  Portland  oolite, 
187 ;  in  the  Wealden  beds,  analogous 
to  those  of  tropical  climates,  196. 

Veins  of  granite^  rising  into  the  slate 
rocks  of  Cornwall,  63, 66;  into  gneiss 
at  Aberdeen,  64. 

'  metaUic^  their  structure  and  for- 

mation, 286  to  295;  flat  veins,  288; 
pipe  veins,  ib. ;  rake  veins,  288, 289 ; 
observations  on,  292—297;  junction 
of  veins,  forming  what  are  called  ac- 
cumulated veins,  289;  variation  of  tbe 
auality  of  the  ore,  as  tbe  veins  pass 
irou^h  different  beds  of  rock,  292; 
veins  intersected  by  beds  of  loadstone 
in  Derbyshire,  293. 

Veinstone f  matrix  or  gangue ;  the  min- 
eral matter  associated  with  metallic 
ores  in  veins  sometimes  arranged  in 
successive  layers  with  the  ore,  286. 

Verde  aniiqvey  77. 

Vertebrated  animals^  division  of  into 
four  classes,  23. 

Vertical  beds^  or  strata,  mistakes  res- 
pecting them,  45;  remarks  on,  62; 
vertical  beds  of  Mont  Blanc,  61, 69 ; 
in  the  Alps,  161,  335,  336;  verUcal 
beds  of  limestone  and  granite  in  junc- 
tion, observed  by  the  author  in  the  up- 
per part  of  the  valley  of  Lauterbrun, 
70. 

Vesicular  structure^  39. 

Vesuvius,  long  periods  of  repose  be- 
tween some  of  its  eruptions,  258. 

Volcanoes,  Description  of  their  erup- 
tions, 256, 257;  volcano  of  Sumbawa, 
t^. ;  periods  of  repose,  258 ;  height  ol 
volcanoes,  259,  260;  volcano  of  Popo- 
catapetl,  259;  submarine  volcanoes, 
260;  recent  submarine  volcano  near 
Sicily,  261;  craters  of  eruption,  and 
craters  of  elevation,  262 — ^263 ;  aque- 
ous eruptions  with  mud,  207,  263; 
volcanoes  occur  in  groups,  264 ;  con- 
nection of  distant  volcanoes  with  each 
other,  265;  sinking  down  of  volca- 
noes, ib.;  ancient  volcanoes,  their  im- 
mense magnitude,  2C7;  extinct  volca- 
noes of  Auvergne,  269;  volcano  of 
Pariou,  cut  of,  271 ;  Puy  de  Dome, 
273 ;  Pu;^  de  Chopine,  a  mountain  of 
l^ranite  in  the  crater  of  a  volcano, 
lb. ;  extinct  volcanoes  on  the  Rhine, 
274 ;  volcano  near  Mecca,  in  Arabia, 
275. 


Volc(mU  rocks  and  nrodnets,  S76;  tee 

of,  281. 

— ^—  fire,  seated  far  below  the  cra- 
ter, which  is  merelv  the  chimney  of 
the  volcano,  througn  which  the  solid 
or  gaseous  matter  escapes,  257;  ob- 
servations on,  282. 

Von  Buck,  his  observations  on  dolomite, 
168 ;  on  craters  of  elevation,  262, 263. 

Vosges  mouMains,  geolory  of,  163. 

Unconformable  posUioUf  9, 44, 48. 

Upheaving  of  new  tracts  of  land,  321. 

Upper  tertiary  beds.   See  Chap.  XYII. 

Uralian  wumntainSy  62. 

W. 

Wacke,  130;  earthy  basalt,  143. 

Wattt  Mr.  Gregory,  experiments  on  lavi 
and  basalt,  146. 

Way-boairds,  94. 

Wealden  beds  (Chap.  XIII.)  191;  of 
Kent  and  Sussex,  i^. ;  map  of,  192; 
wealden  of  Dorsetshire,  193:  Mr. 
ManteU's  luminous  acconntof,  194; 
organic  remains  in,  ih.  196;  submer- 
gence and  elevation  of,  196. 

Webster,  Mr.,  his  account  of  the  strata 
of  the  Isle  of  Wight,  233. 

WcUs,  the  waters  in,  sometimes  connect- 
ed with  subterranean  curreiiu,  303; 
wells.  Artesian,  become  general  in 
France  and  Germany;  the  tempera- 
ture of  the  water  increases  with  the 
depth;  see  note,  362;  and  Appendix. 

Wemer^s  theoiy  of  tbe  origin  of  basalt, 
147, 148;  of  metallic  veins,  293;  of 
the  formation  of  valleys,  348. 

Weymoulk,  burning  cliff  of,  275. 

Whetitone,  or  hone,  a  variety  of  talcy 
slate  with  quartz,  85. 

Whin  Hill,  geology  of,  50. 

Whinstone  siU,  138;  Professor  Sedg- 
wick's account  of,  139;  Mr.  W.  Hut- 
ton's  account  of,  145. 

White  stone,  a  variety  of  granite  in 
which  felspar  is  the  principal  ingre- 
dient, 68. 

Wild  measures,  68. 

Wood  coal,  or  brown  coal,  109 ;  its  ori- 
gin, 112;  BtBovey,  ib.i  at  Cologne, 
ib. ;  a  resinous  substance  found  in  it, 
ib.  i  more  recent  than  common  coal, 
ib. 

Woodward,  Mr.  5.,  his  account  of  Nor- 
folk Crag,  235,  249. 

Wren's  Nest  HiU,  88, 145. 

Y. 

Ydloio  River  of  China,  mud  brought 

down  by,  321. 
Yordascave,  93. 
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Te&pkyUt  and  molluscous  animals. — 
Their  organic  remains  form  no  in> 
considerable  portion  of  the  earth's 


s&rface,  75:  may  hare  the  power  of 
secreline  tne  calcareous  matter  of 
which  their  fossil  remains  are  chiefly 
composed,  76. 
ZeUkslein,  or  ms^esian  limestone,  170. 


ERRATA  ET  ADDENDA. 

Page  25,  line  35,  after  discovered^  add  in  solid  strata, 
S4Q,  line  10,  for  Dux,  read  Dax. 

343,  line  18  from  bottom,  for  miles  square,  read  square  leagues  in  extenL 
366,  «ne  W,  for /?*»««,  read /2A«fi«. 
358»  liae  IS,  for  IlAine,  read  JVi^ne. 
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